





IMPEDANCE MEASUREMENTS AT THE SEMICONDUCTOR-SOLUTION INTERFACE

by

J. Leduc¥* and S.M. Ahmed¥

ABSTRACT

The physies and chemistry of the semiconductor-solution
interface have been presented in detail with particular reference to
impedance measurements and determination of the flat band potential
of the semiconductor surface. The basic theory of A.C. circuits ap-
plied to impedance measurements at the semiconductor-solution inter-
face has been developed. Techniques for impedance measurements and
data analysis have been described for a method using an LCR meter and
a computer for experimental control and data acquisition. The neces-
sary software has been developed.

Impedance measurements on n-GaAs electrodes on the (1 1 1)
face have revealed an irreversible chemical change in the anodic re-

gion absent for n-GaAs on the opposite face (I I I).
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RESUME

" Ce rapport présente une description détaillde de 1la physique
et de la chimie de l'interface entre le semi-conducteur et la solu-
tion, surtout en rapport avec les mesures de 1'impédance et 1'évalua-
tion du potentiel de bandes plates de la surface semi-conductrice.
La théorie de base des circuits C.A. appliquée a la méthode de mesure
de ‘1'impédance & 1'interface entre le seﬁi-conduoteur et la solution
a été développée. On y décrit de plus les techniques servant 3 me~
surer 1'impédance et & analyser les données & 1'aide d'une méthode
‘dans laquelle on' emploie un appareil de mesure avec affichage a
cristaux liquides et un micro-ordinateur pour la vérification des es-
sais et l'acquisition de données; le logiciel nécessaire pour effec-
tuer ces essais a été mis au point.

Les mesures d'impédance des électrodes de GaAs de types n sur
la surface (1 1 1) ont révélé 1'existence d'une transformation
chimique irréversible seulement pour la région anodique et non pour le

GaAs de type n sur la face opposde (I I I).

%Chercheurs scientifiques, Section de la chimie physique, Laboratoires
des sciences minérales, Centre canadienh de la technologie des minéraux

et de 1'énergie, Fnergie, Mines et Ressources Canada, Ottawa.
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face originates from a pH-dependent acid-base dis-
sociation of the surface groups or adsorption-de-
sorption of the potential determining ions (e.g.,
H+, OH™ for oxides and the lattice ions such as S~
and metal ions for metal sulphides). This equi-
librium at the oxide-solution interface for ex-

ample, is given as:

PN o OH OHY 0~
>M — M < —MC .
OH OH OH H 0
zpe

ete.

This excess surface charge (¥) is sur-
rounded by a layer of oriented water molecules
which constitute the compact Helmholtz layer (or
Hm-layer). The excess counter charge (+) is dis-
tributed in a diffuse part of the double layer
known as the Gouy layer, and is commonly separated
from the surface charge by the Hm-layer, with the
exception of the case when certain ions are spe-
cifically adsorbed on the surface by displacing
the water molecules. The counter charge in the
diffuse double layer is provided by the indiffer-
ent electrolyte ions, so that this ionic double
layer consisting of the excess surface charge (*)
and the counter charge (%), as a whole is electri-
cally neutral.

The pH of the zero surface charge is
known as the zero point of charge (zpe), and is
the counterpart of the fbp, so that at the zpe the
effective surface charge and hence the field
strength outside the Hm-layer are both zero. If
U, refers to the potential drop in the Helmholtz

H

layer, then UH varies with pH at equilibrium con-

ditions (pﬁ%q) by -0.059 V/pH unit increase, for
most oxides and some non-oxide (e.g., Gals, GaP)
semiconductors and by * 0.0295 V/pH unit for some

sulphides. Hence,

AUy = ~0.059(pH_ ~ pH, ) (2)

This subject has been discussed in detail else-
where by one of the authors (15,19,20). The Ufbp

and UH are therefore related, with reference to

SHE as:

Ufbp (SHE) = X + AEL + Uy ~l.5 (3)

or Ufbp (SHE) = ¢SC + Uy -4.5, (1)
where X is the electron affinity and ¢sc is the

work function of the semiconductor, AE being the

F

difference between X and ¢sc' The last term in
Eq. 3 and 4 will be 4.74 with reference to SCE

(see Fig. 1).

The Helmholtz layer is about 0.3 nm in
thickness with a dielectric constant, e ¥ 7. It
consists of oriented water dipoles and is capaci-
tative in nature. However, the Gouy or the dif-
fuse double layer is similar to the space charge
layer in the semiconductor. The Debye length (see
later), which is the diffuse double layer thick-
ness, depends on the electrolyte concentration and
varies from 1000 to 1 nm for a univalent electro-
lyte concentration of lO_6 to 107t ML~l, respec-
tively. This is comparable to the space change
depth in a semiconductor (e = 16) with a carrier

14 to lO18 em™3

concentration varying from 10
Consequently, the diffuse double layer in a uni-
molar electrolyte solution is negligible in im-
pedance measurements, hence it has not been in-
cluded in Fig. 1 and in the corresponding equiva-
lent circuits. For metallic electrodes, the large
value of the carrier density (lO22 cm'3) gives a
space change depth of only 0.05 nm, which is also

insignificant.

(e) Surface States

Surface states are 1localized energy
levels that appear on the semiconductor surface
in the forbidden energy zone as a result of (a)
the termination of the lattice periodicity, (b)
lattice imperfections, chemical inhomogeneity and
geometrical irregularities, (¢) adsorbed impuri-
ties, (d) electrical polarization and (e) con-
tact with another phase with a different work
function. Further details on surface states and
their occupational statistics are available in a
number of papers and reviews (15,21-32), particu-
larly with regard to the Sc-solution interface
(15,26-31).

If the Fermi level in the Sc phase passes







Since the bulk is electrically neutral, for n, =
n. and P, = po; 0D = O,

The carrier concentration itself in the
bulk phase of a non-degenerate semiconductor is
given by the standard Maxwell-Boltzmann relation-
ship. The electron concentration (n) in the con-
duction band and the hole concentration (p) in the

valence band are given as
n, = Nc exp [-(Ec - EF)/kT] (8)
and Py = Nv exp [-(EF - Ev)/kT], 9)

where, Nc and Nv refer to the available density of
states in the conduction and valence bands with
energy levels Ec’ (bottom edge) and Ev (top edge),
respectively. By combining the above equations,
it may be shown after certain approximations that
the electron (ns) or hole (ps) density at the
surface, is related to their bulk concentration

and band bending US, as follows:

n_ = ny exp (-e US/kT) (10)

and P, = P, exp (e Us/kT) (11)

where e is the electronic charge. When ns<nb, in
an n-Sc, the bands bend upwards giving rise to an
exhaustion 1layer or an inversion layer (ps>ns).
If ns>nb the energy bands bend downwards, forming
an accumulation layer. When nS = nb or p, = Py
US = 0, which represents the flat band condition.
Information can be obtained on the space
charge, surface states and flat band potential by
measuring several interfacial properties such as
photocurrents and photopotentials, surface conduc-
tivity and differential capacitance. Measurement
of the space charge capacitance is described in

this work.

(ii) Space Charge and Capacitance

The space charge from Gauss' theorem,

using a rationalized MKS system, is given as:

QSC = € Eo ES (12)
where E du(x) (13)
s dx x =0

in the space charge layer, and can be obtained
from the first and second integration of the
special Poisson's equation (Eq. 6) together with
Eq 10 and 11, assuming non-deéeneracy of the semi-
conductor and complete ionization of the donors
and acceptors. The boundary conditions are the
band bending, dU/dx = 0 in the bulk and Ux-' US as
x =0, x being any point in the space charge
layer. Details may be found elsewhere (13-15,32).

The final expression is given as:

1/2
B, _+ (2K 0y F(Y,2) (14)
s = €€
o
where, Y = - eU_/kT; U = U—Ufbp (15)
and A is related to the carrier, donor/acceptor,

concentrations (14,15) as:

x/2 n
N ) S | (16)
ny n, ny
since n = no where = carrier concentra-
n b* Pp = Ny n, = n

tion (bulk) for an intrinsic semiconductor, and n,
and p, are electron and hole concentrations in the
bulk semiconductor. In Eq. 14,

x/2

F(Y,) = (e - 1) + 47 ¥ 1)+ (0 by

(n

The space charge is then given from Eq. (12) and
(13) as

EEO kT
e L

s F(Y,0), (18)

where L is the Debye length given as:

1/2
(19)

The differential space charge capacitance

defined as:

Csc = (dQsc/dUs) (20)










tion:

= Veos y; V = Vsin ¢ (31)

Vin out

Equation 28 can be written as:

V = (Veos ¢ + jVsin y) expjot
S (W, o+ 3y, expiet (2)

The current can be expfessed in a similér mannef.
The time dependent exponential for both ca% be
omitted and still Eq. 29 applies. Therefore the
impedance can also be expressed in a similar
manner. The phase of the impedance represents the
phase difference betweéen the current and the volt-
age by Eq. 29. This is’' the basic measured quan-
tity. Its inverse denoted ; = 1/2 is ' the admit-

tance. Equation 29 can be written as:

7= (V. ) (33)

in ¥ Y Vout)/(Iin +J 1

out

The differential capacitance has been de-
fined in the preceding section, It can. be seen
from Eq. 33 that the cépéciﬁance ‘can never be
measured directly but only derived from the im-
pedance (35). The value of the capacitance thus
obtained will depend on the assumed composition
of the equivalent‘circﬁit. This is a hypothetical
circuit replacing the resistive/capacitive ele-
ments in an electrochemical cell by combinations
of resistors and capacitors. Only the simplest
of combinations will be considered. The induc~
tance 1s not included in this presentation, al-
though it is normally involved in intrumental cor-
rections.

If two impedances are connected in series

the circuit is drawn as:

b I (3w

R The two individual’impedances areaél and
22 and the impedance of the combination is Z. The
total voltage drop is equal to the sum of the
voltage drops across each imbedance while the cur-

rent is the same throughout. Therefore we have:

8

72 =2 +2 (35)

The parallel combination is drawn as:

; R
{ 1 - 7 (36)

2

N3 >

Equation 29'can also be written in terms of the,

admittance ¥ = 1/Z as:

I=YV o N A . (3N

The voltage across each component and the parallel
combination is the same. The current through the
impedance of the combination is the sum of the

currents through each impedance. ‘Then with Y=1/Z,

~

Yl = l/Zl and Y2 E l/Z2 we have:
YV= Yl Vv + Y2 v or
1/2 = l/Zl + l/Z2 ~ (38)

The value of the capacitance has been given by
Eq. 20, If V replaces U and with the current
I(t)=dQ/dt (subscript omitted on Q), Eq. 20 is

written as:
I(t) = € dV/dt g (39)

The subscript has been omitted on C since Eq. 20
is quite general and.applies to any capacitance.
For sinusoidal signals the current and voltagés
take on their complex form and for that case

Eq.-39 is written as:
I= jwcy ' (40)

From Eq. 29 the impedance associated with a ca-

pacitor is given by:
2o = =i/ W0) = - JX oL ()

The value -X=1/(wC) 1is called the reactance.
With a single capacitor as the circuit element the
current is 90° in advance with respect to the
voltage for all frequencies and its amplitude

varies linearly with the frequency. This is de-










Since the CH >> Csc (2 orders of magnitude) and
assuming that the number of fast surface states is
small, that the slow surface states have relaxa-
tion times >> the experimental periods, and that
these can be minimized by careful surface prepara-

tion, we have:

=L
c
scC

Ei— (50)
m
Hence, the equivalent circuit in Fig. 5, reduces

. The
sec

parallel resistance is related to the minute far-

to a parallel RC circuit, with Cm =C

adaic charge transfer. The faradaic resistance
should be as high as possible since it is in par-
allel with the space charge layer capacitance.
This involves the avoidance of redox couples in
the electrolyte solution, which are normally re-
sponsible for the charge transfer. If the bias
is too anodic (positive) certain effects could in-
crease the current either by having too many holes
being captured or dielectric breakdown (38). From
the figure Rszcm = 40 and from Eq. 38 (with R = R
and C = Csc) it can be seen that the faradaic re-
sistance will make only a small contribution to
the impedance. The faradaic resistance is also
kept low if the cell is kept in the dark.

The resistance of the bulk liquid solu-
tion can be estimated by using a platinum elec-
trode in lieu of the semiconducting electrode with
the same surface area as the latter. The measure-
ment is performed with an A.C. signal at about
1 kHz and the series analysis is performed.

The resistance of the back contact is
measured by a three-point probe, Fig. 6. The D.C.
current I is measured as a function of the D.C.
voltage V, as shown in Fig. 6. Examination of the
equivalent circuit of measurement shows that the
effect of the work contact is eliminated. The
measured resistance is that of the bulk in series
with that of the contact being tested. When the
relationship of current as a function of voltage
is linear then the contact is said to be ohmic and
effects due to the presence of 1its own space
charge layer (if any) can be neglected. The
smallest value quoted here refers to a Ge-Au alloy

17_1,18

contact on n-GaAs with 10 dopant atoms per

£

cm3. The resistance refers to a sample of semi-

conductor 1 mm thick and with an area of about
0.5 cmz. For dopant densities that are less,
the contact can have resistances as high as
10 ﬂcmz. Non-ohmic contacts can have resistances
as high as several k Q. o
The surface state§1> capacitance can beJﬁﬁ
minimized by proper preparation of the surface,
for example by decreasing, polishing and etching.)<
From general considerations it can be shown that
the surface states!' densities are negligible for
those states with energy levels in the valence
band (39). If the Fermi level is driven below the
top of the valence band (very positive bias) then
the effect of those states remains small. This
is illustrated in the section on certain n-type

GaAs electrodes.

WORK CONTACTS *35 Cu WIRE

TO
eLecromerend] I .
». |
32 CuWRE__ {_
o i
| — — | h
c € ‘
e e PRl
M d ST
NI d
SoLip CONTACT I
BENG TESTED} L _ i
ACTUAL CIRCUIT CQUIVALENT CIRCUIT

Fig. 6. Three point probe circuit

(¢) Theory of the LCR Meter; Five Terminal

Technigue

The variation of impedance as a function
of voltage is measured and the variation of ca-
pacitance as a function of applied voltage is
derived by a simple circuit analysis. If the
Mott-Schottky model applies, then the flat band
potential and the number of dopant atoms can be
derived (Eq. 27). To make these measurements a
small A.C. signal, used for the determination of
the impedance, is superimposed on the D.C. voltage
applied to the working electrode.

In this work a two-electrode system was
used. Control of the working electrode potential
and its measurement against a SCE reference elec-
trode is discussed in the section on GaAs. This

section will deal only with the A.C. signals.

11







the direction and rate of variation of the bias
voltage. In this region, the Mott-Schottky
relation did not apply. In the second region,
with more anodic bias, the band bending, Us' was
positive enough to bring the Fermi level below the
top of the valence band edge. In that region, the
capacitance measured does not depend on either the
direction or the rate of variation of bias volt-
age. This second region falls in the deep deple-
tion region.

Measurements of n-GaAs electrodes with
the (L 1 1) face (gallium side) exposed to the
electrolyte should be of interest because, accord-
ing to etching experiments (43), this face is the

least reactive.

(b) Materials and Electrode Preparation

The semiconductor was Si-doped n-GaAs
from Laser Diode with a resistivity between .0049
and .0039 Q-cm and a doping density between 4.4
and 6.3 x 1017 cm_3. The single crystal was cut
along the (1 1 1) plane.

In order to distinguish between the
(11 1) and the (I I I) face an etching solution
of 3:1:1 H SO,4 H202 H20 was used at 80°C for 2
The (I I I) face was shiny and the
(1 1 1) face was slightly pitted.

A film of Au-Ge (88%-12%) alloy was de-

minutes.

posited by evaporation onto the (I I I) face in
order to provide an ohmic contact. Its resistance
was 0.05 Q.

The crystal (with wire bound to the con-
tact with lead solder) was mounted in a Teflon
cylinder. The sides of the crystal and its con-
tact were sealed with Scotch Cast epoxy. The as-
sembly allowed polishing of the surface once the
epoxy was cured. After polishing with carborundum
abrasive paper #600, the sample was polished with
This was followed with

0.3 um and 0.05 um alumina powder for a mirror

3 um emery abrasive.

finish.

Two etching formulae were used prior to
immersion in the electrolyte. The first one was a
mild wash with 2 M HCl followed by washing with
1 M KOH. The second etching procedure consisted
of photoelectrochemical etching under short cir-

cuit conditions for Y45 seconds in 1 M (NH")as at

k:z 504\ 0/” (h /%”0(

pH 10.6 (NHMOH). These etching treatments were
used separately and never together. After etch- "~
ing, the surface was washed with distilled water.
The electrolyte was 0.5 M KOOOOOI solu-
tion buffered to pH 9.2 with 0,01 M sodium tetra-
borate. It was found that phosphate buffers
favored oxidation of the surface during the run

whereas the borate buffer did not.

(c) Experimental Methods

(i) Electrode Stabilization with a Reversible

Counter Electrode

In the present work, a two electrode
system under non-potentiostatic conditions was
used, the source of the D.C. bias to the working
electrode being the built-in D.C. bias in the LCR
meter. This is discussed further in Appendix I.
In such a system in the absence of a redox couple,
the rest potentials of the working as well as the
platinum counterelectrodes were found to be un-
stable and undefined, causing fluctuations in the
cell voltage and hence long durations for
achieving equilibrium.

Further, the counterelectrode should also
function as stable source or sink of small cur-
rents needed in the charging/discharging of the
space charge in the Sc. This is not possible in
the absence of a redox couple. Hence, if the
platinum counterelectrode is immersed in an elec-

trolyte containing =~ 10-)4-10_3

ML™l of a redox
couple, then its D.C. level would be stabiligzed.
However, in the section before the last, it was
pointed out that the capacitance measurements can-
not be made with the working electrode in contact
with a redox couple. Such a platinum electrode
in contact with a redox couple will henceforth be
called a reversible counterelectrode.

For the purpose of having a reversible
counterelectrode and yet keeping the working elec-
trode out of contact with the redox couple, a two
compartment cell with a salt bridge with dia-
phragms was used to separate the two compartments.
The saturated calomel electrode was in the working
electrode compartment.

The variation of the GaAs electrode po-

tential (SCE) as a function of bias voltage for

13
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the cases of reversible and irreversible coun~

terelectrodes is shown in Fig. 8. "The redox
e, =, S

-

used was "’ .\ferro—ferricyanide
e N et Nt e
(5 x 107 T L. Monitoring of the parallel A.C.
resistance during the experiments indicated that

the redox

the

couple did not diffuse significantly

into working electrode compartment. No

hysteresis occurred between the forward and re-
verse direction of the applied bias, in the modi-
fied method as shown in Fig. 8.

Without the redox couple the control of
the working electrode potential was extremély
poor. These experiments were run for both cases
with the same working electrode, counterelectrode,
and electrolyte solution (apart from the added re-
dox couple). In both experiments the bias voltaée
was varied discretely by steps of 100 mV with a
10 minute interval between each step.

In Fig. 8 the intercept at the ordinate
at zero bias (extrapolated value) agreed with the
equilibrium electrode potential measured against
SCE within a few mV. No such agreement was found
without the redox couple. For the case where the
redox couple was used, the slope is close to unity
indicating that all the D.C. bias voltage appears
across the working electrode (GaAs) whereas in the
other case only 56% of the bias does so.

In order to avoid reactions with dis-
bubbled through

the electrolyte solution for 15 minutes before

solved oxygen, ultrapure N2 was

each experiment. The inert atmosphere was also
maintained during the experiment by passing nitro-
gen at the top of the solution. The measurements
A 150W high

pressure xenon lamb' (Osram) was used for the

were performed in a dark chamber,

measurement of the flat band potential of the
working electrode by the rectified alternating
photocurrent voltammetry (RAPV) method (44). The
cell in thi;—:;;gsgggpgh optical quartz window.
The
A light modula-

tor (Roffin 7500) provided a reference signal that

An inert atmosphere was maintained as before.

potentiostat used was a PAR 173.

allowed detection and amplification of the photo-
The
output of that amplifier (photocurrent) was traced
as a function of voltage relative to SCE with a

Hewlett-Packard #7004B X-Y recorder.

current with a PAR 128A phase lock amplifier.

14

Most of the experiments were done with a
settling time of 10 minutes to stabilize the ca-
pacitance. (This time was estimated by observing
the measured impgdance and voltage relative to
SCE, at fixed bias with an irreversible counter-
electrode as a function of time, and defining the
conditions for stability as fluctuations in SCE
voltage of 2 mV or less and in capacitance of 1%
or less.) As pointed out earlier, the relaxation
time was shortened with the reversible counter-
electrode, but the same settling times were used
for comparison purposes between the two types of
counterelectrode.

Some of the exXperiments were done man-
ually, without software control and with discon-
nection of the voltmeter during the measurement
of the impedances, in order to assess the accuracy
of the software. It was found that the software
(acquisition and processing) was éccurate; This
was also shown when a combination of precision
resistors and capacitors was used instead of an
electrochemical cell. ,

Results were obtained with three samples

of GahAs, using the (1 1 1) face.

[ I I A T O B
./.)// Slope 0.56
- s ]

V, SCE VOLTS
Q
(o]
o

e
0.40 ol ]
'Y L]
/./ 4 ® Counter clectrode with inert electrolyte
s .
0.20 — < ¢ “ 5x107" n/L redox

o “ "

O 020 040 060 080 100 120 140 160 1.80 200
V bias VOLTS

Fig. 8. n-GaAs electrode polarizability

(d) Results and Discussion

The capacitance of the cell was best de-~
scribed by the parallel combination, although in
some cases the series capacitance was equal to the
parallel capacitance. In Fig. 9 is shown a plot
of inverse capacitance squared, as a function of
the volt=-

age scan-was done only from the less positive to

voltage relative to SCE. 1In this case,

the more positive values (this registration sense

will be referred to as "forward"). The frequency

of the AC signal was 1 kHZ. The value of the




fbp, -1.60 V SCE, was in agreement within 50 mV
with that obtained by RAPV. The same value for
fbp has been obtained by the (I I I) face (41).
In Fig. 9 the symbol Vv represents the top of the
valence band edge. It can be seen in Fig. 9 that
when the Fermi level is about 260 meV below the
top of the valence band or lower, then the
Mott-Schottky relation applies. With a value of
12.9 for the dielectric constant of GaAs (45), the
donor density is calculated to be 5.8 x 1017 cm'3,
in good agreement with the manufacturer's value.
For the (1 I I) face no such agreement was found
(40). The surface for this experiment was pre-

pared with the photoetchant.

o

h
e
w
- 5L \d —
Ey
e
- ~
) vy ~ Vi
.. \
~
L L4 . L
° 1 L 1 1 R L L e~
2.00 180 120 0.80 0.40 0.00 -40 -.80 ~120 -160 -2.00

U, SCE VOLTS

Fig. 9. Photoetched, single registration sense

In Fig. 10, the results of an experiment
where the surface was treated with the mild etch
(HCY, KOH) are shown. The two measuring frequen-
cies were 1 and 10 kHz. The parallel shift to-
wards the negative values of the fbp at the higher
frequency suggests the presence of a thin foreign
layer on the surface (32,46), presumably an oxide.
This shift as a function of frequency does not ap-
pear in all the samples. For the (I I I) face,
the frequency dispersion pattern was a change in
the slope without a change in fbp (40). This sug-
gests that the dielectric relaxation, which is
most probably responsible for the observed fre-
quency dispersion, occurs in a layer as thick as
the space charge layer (U46). A microscopic ex-
amination of the surface after the experiment re-
vealed that the surface had changed its appearance
during the experiment from shiny to dull and
rough.

Figure 10 also shows hysteresis in the
Mott-Schottky plots obtained with forward and

reverse directions of voltage scan. This hyster-

esis was found to be less on the same sample if
the experiment was repeated without re-polishing
or re=-etching of the surface, with the same rate
of voltage scan. In a separate experiment, it was
further found that the hysteresis did not depend
on the rate of voltage scan varying from 7 mV/min
to 30 mV/min. Results in Fig. 10 correspond to a
7 mv/min scan rate.

The presently observed behaviour is dis-
tinet from the hysteresis with the (I I I) face
(As-face) that was observed by others (U40) in the
less anodic range, closer to the fbp and well
above the top of the valence band edge (i.e., not
in the deep depletion region). In our experiments
with the (1 1 1) face (Ga-face), the hysteresis
appears in the deep depletion region (far anodic).
Also, on the (I I I) face, the hysteresis de-
pended on the scan rate. Thus the hysteresis ob-
served here (Fig. 10), with the (3} 1 1) face in
the deep depletion region is not experienced with
the (I I I) face (40).

The Vfbp shown in Fig. 10 for both fre-
quencies is the average value obtained from the
forward and reverse scanning, as defined earlier.
The Vfbp obtained from the Mott-Schottky plot with
forward scanning alone, is found to be =1.60 V
(SCE).

FrT17 171717 1T T 1T 1T T T T 1T T TT1
8,00 [— ]
700 [— —
0 ® | KH 010 KHz
o 600 [— —
2 A4
»x 5.00 [— -
< 0 |
g« Iy
9 300 [— DRy =
W _ TSI |
;200 N
1100 [— R N —
e N N T
200 120 080 040 000 -040 -080 -L20 -160 -2.00
U,8CE.VOLTS

Fig. 10. Mild etch two-registration senses

The hysteresis on (1 1 1) face was also
found to depend on whether the surface was highly
polished, or dulled and roughened by the photo-
etching process. This was demonstrated by mea-
surements made with the (1 1 1) surfaces polished
and photoetched to a dull finish. The results
obtained with two cycles, each with one forward
and reverse scanning, at 30 mV/min and 1 kHz, are
shown in Fig. 1l1. The hysteresis in this case was

only 2% compared to ~ 30% (Fig. 10) obtained for
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the same face with a mirror finish obtained after
fresh polishing and etching with the mild etch.
Also, while the (I T I) face (As-face) gave a
shiny finish with the photoetch, thé (1 11) face
(Ga-face) was tarnished and roughened.

The effect of oxygen on the Mott-Schottky
plots for the (1 1 1) face was also invéstigated
by bubbling oxygen for one hour before the imped-
ance mgasurements. The surface appeared blue
after oxygen treatment. The results are shown in
Fig. 12 for two frequencies (1 and 10 KHz),:each
with both forward and reverse scanning. The hys-
teresis observed when the &surface was 'pfepared
with the mild etch does not appear in this case.
The freduency dispersion involves the slope only
and is of the same order of magnitude as that seen
in experiments done with the (I T 1) race where
efforts had been made to exclude oxygen (40,41).

In conclusion, a pure (11 1) face in the
deep depletion region produces hystereésis in the
capacitance measurements. Since this phenomenon
is absent for the (I T I) face, it can be con-
cluded that this represents an irreversible change
in the electrode surface involving Ga. The ap-~

pearance -of a parallel shift in the Mott-Schottky

plot in the deep depletion region shows that this

change occurs in a small depth compared to the'

depletion layer width (34).

Since this hysteresis appears in the deep
depletion region, holes may have a role to play.
The nature of that chemical . change remains

unknown.
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DATA ACQUISITION AND CONTROL SOFTWARE

(a) The IEEE-488 Bus

This interface is specifically designed

to control instruments or other peripheral devices
close (a few meters at most) to the computer (47).
It allows commands to be sent from the computer
(software) to a device and data to be received
from that device by the computer (if applicable).
If there are more than one device on the bus, the
computer can demand privacy between itself and a
particular device and transmission speed is 1imi-

ted only by the device.

(b) The Software Three-Electrode System

The LCR meter can transform a floating
point value, stored in the HP-85 compuber and sent
through the bus, into a bias voltage. Therefore a
reading of the voltage (relative to SCE) with the
voltmeter, which is sent to the computer, can be
used to control the bias in such a way as to main-
tain the voltage (SCE) within narrow 1limits
(* 2 mV). This is a software or soft three elec-
trode system (a ‘'hard' three electrode system
would be controlled by a pobtentiostat).

An illustration of this concept is given
in principle in Fig. 13 in program description
language, PDL (48). This is self-explanatory ex-
cept for three aspects.

The difference (ERROR) between the de-
manded and measured voltage (SCE), INPUT and
OUTPUT respectively, is classified according %o
the classes defined by the array LIMITS. These
classes are defined according to the absolute size
of the difference, from 1 V to 2 mV (=LIMITS(9)).
It was found that in order to eliminate rapid os-
cillations in the voltage (SCE) when the differ-
ence was small, a gain (AMPLIFICATION) applied to
the difference for the bias correction (the bias
is controlled by the variable SERVO) greater than
1 was needed. On the other hand when that differ-
ence was large (of the order of 100 mV or more) a
large value of that gain led to overshoots and
undershoots that were corrected slowly by £the
software. For those large values of the differ-

ence, gains close to unity were preferred. After

PROCEDURE POTENTIOSTAT (REAL VALUE INPUT,PERIOD,
REAL VALUE RESULT SERVO,
BOOLEAN RESULT OBEYED) ;

(*THESE ARRAYS FORM THE COMPLIANCE PANEL:THEY ARE INITIALIZED
AND USED AS CONSTANTS THROUGHOUT*)
VAR DELAYS(l..8) ,GAINS(1..8) ,LIMITS(1..9) :ARRAY QF REAL;

PROCEDURE COMPLY (REAL VALUE ERR,
REAL RESULT RETARDATION ,AMPLIFICATION) ;

BEGIN

I:=0;

REPEAT

I:=I+1

UNTIL ERR ¢ = LIMITS(I);

RETARDATION :=DETAYS (I) ;AMPLIFICATTION :=GAINS (I)
END; (*CQMPLY*)

BEGIN (*THE ACTUAL INSTRUCTIONS TO THE INSTRUMENTS ARE IN ASSEMBLERY*)
WRITELN (DMM) ("SHUT ALIL, AUTO-CALIBRATIONS;MASK THE DATA READY
SERVICE RBQUEST"):

RESET CIOCK; (*INTERVAL STOPWATCHY)
WHIIE CIOCK <= PERIOD DO
BEGIN
WRITEFAST (DMM) ("INITIATE SAMPLING"); (*SERVICE REQUEST INTERRUPT
ENABIE AND DISABLE STEPS
OMITTED*)
READFAST (DMM) OUTPUT; (*CORE TO CORE FORMATTING STEPS OMITTED*)
ERFOR:=OUTPUL-INPUT; ERR:=ABS (ERROR) ;  (*ABSOLUTE VALUE*)
OBEYED:=ERK { = LIMITS(9)}
IF NOT OBEYED THEN
T T BEGIN
COVMPLY (ERR, RETARDATION , AMPLIFICATION) ;
SERVO:=SERVO -~ AMPLIFICATION*ERROR;
WRITEFAST (DMM) SERVO;
WAIT (RETARDATION) (*PREDEFINED PROCEDURE¥)
ENDLF
ENDDO;

WRITEIN (DMM) (“CIEAR SERVICE REQUEST MASK;ENABLE AUTO-CALTBRATIONS")
END; (*POTENTIOSTAT*)

Fig. 13. Procedure potentiostat

the new variable of the bias is computed it is
sent to the LCR meter. After the bias correction,
there is a delay (RETARDATION) and the procedure
is repeated. The values of the delay are pre-
defined (array DELAYS) according to the sizes of
the difference between measured and demanded volt-
age (SCE). These values were chosen empirically
to ensure a minimum of overshoots, undershoots and
oscillations in the control of the voltage (SCE).
If the compliance flag OBEYED is set to TRUE the
process is skipped.

The second aspect is to make sure that
when the procedure COMPLY is evoked, there is al-
ways time (the total time of execution is con-
trolled by a computer timer, stopwatch, and the
variable PERIOD) to push the data associated with
its evocation out of égggl_stack. Otherwise, the
stack will fill up and this is a fatal run time
error. This is not shown in Fig. 13.

The third aspect is a reference

(PDL:READFAST,WRITEFAST) to a type of bus trans-
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action (fast handshake tran.éfeb) which allows the
fastest transmission rate.

A complete data acquisition and control
program using this principle is 1i1llustrated in
Fig. 14, The program listed in this appendix has
other procedures which are not mentioned here for
the sake of clarity. These omissions do not

change the algorithmic structure.
What this algorithm describes is an ex-

perimental procedure in which the cell is main-
tained under potentiostatic control for a certain
time (PERIOD). The values of the voltages rela-
tive to SCE (V_SCE) and of the impedances (Z and
THETA) are measured at three frequencies (NU)
chosen in advance by keyboard entry (procedure
GET_MENU) after this waiting period. If the meas-
ured voltage (SCE) is insufficiently close to the
demanded value the algorithm provides for a sup-
plement of three-electrode control hefore measure-
ment. During the measurement the system is.a two-
electrode system since the bias is not altered.
Since this is an automatic program, pro-
visions must be made for checks on the status of
the system. This is symbolized by the boolean
funetion procedure CHECK_ﬁTATUS. In the actual

program those status checks are distributed. '

(¢) The Two-Electrode System

The ma:m aequ:l.s:l.tion loops are shown in
Figv. 15a, The procedure ACQUIRE makes the meas-

urements of the various quantities of interest as

CONSTANT NIMBER OF' POINTS = 14,GHANCES = 5;

VAR I9EM,SIROKE, I Jxm'mcen,

START, STEP, 20, THETA0,V_SCEO, INPUT, PERIOD, SERVO, LAST _CHANCE : REAL,
ERFOR_IN_STATUS,CBEYED:] mm.am,

W(.73)7 (FREQUENCTES™)

R DXM(1..3), (*PARALIEL RESISTMICES OF DMM FOR EACIt FREQUENCY*)
¢ e1s(1,.3), (*PARMLIEL CAPACTITWCES OF D¥4 FOR EACH FREQUENCY*)
2{1..2;1..3;1. .NUMBER OF POINIS) , (*MODULL OF THE IMPEDANCES*)
TIETA(L. .2;1. . 3; 1. ,NUFBER OF PORNTS), (TUEIR PIASESH)
V_SCE(L..2;1..3;1. NWBER OF POINTS) : (*APPLIED VOLTAGES*)

ARRAY OF REAL;

FNCIION QHECK_STATUS 1 BOOLEAN;
FUNCTIGN GET_PERIOD: REAL;
PROCEDURE, GET_SCE (REAT, | 'ESULT START, STEP) §
PROCEDURE, GET_MENUTNU(* (*),c (%)) 5
PROCEDURE memosmr(m VALUE INPUT,PERIOD,
TEAL VATLE msuur SERVD,
BOCLEMN RESULT OBEYED) ;

BEGIN

{* INITIAL CHECKS;A.C. LEVEL SET' AND QIECKED; EQUILYBRIUM APPLIED
POTENTIAL MEASURED *)

PERIOD:=GET_PERIOD; LAST_CHANCE :=PERIOD/CHNNCES ;
GET_MENU(NU,FREQ, R DMM,C_DMM) ; GET_SCE (START,STEP) ;
SERVO:=0; INPUT :=START;

“ described above. It also (this is different’ from

the above) sets the sampling timer (CLOCK #3) to
the sampling period calculated in -advance from
keyboard inputs (not shown). It also, by access-
ing the master clock of the computer, measures- its
execution time (TIMEOUT).

from the above. This is wvariable because the

This also is different

fluctuations of the cell have an influence -on the
balancing time of the LCR meter. The variation
in bias is a triangular ramp which is in operation
only if the procedure ACQUIRE is not evoked. 1In
order to preserve the linearity of the variation
of bias as a function of time, a eorrection pulse
is sent after the evocation of ﬁhe procedure by
the procedure VERNIER_PULSE (Fig. 15_b). When the
procedure ACQUIRE is not evoked, the bias is in-
cremented (forward stroke,STRzl) or decremented
(reverse stroke,STR=2) by a value of 1mV (STEP)
after waiting for a time equal to RAMP_ PERIOD.
This is chosen either as 1.5 or 3 seconds by key-
board entry. These values are nominal and are
corrected for sources of delay originating either

in the interface or in the interpreter.

STR:=03

REPEAT
1:;=03;STR:=STR+1;
REPEAT

POTENTIOSTAT{ INPUT, PERIOD, SERVO, OBEYED)
ITEM;=03
REPEAT
" IF NOT OBEYED THEN
nzcm
=07
REPEAT
POTENTIOSTAT { INPUF, LAST CHANCE, SERVO, OBEYED)
ERROR IN_STATUS:=CHECK_BTATUS;J:=3+1;
WNTIL OBEYED OR J=CHANCES OR ERFOR IN STATUS
ENDIF; - - -

IF NOT ERROR IN_STATUS THEN

BEGIN

ITEM:=ITEMF]1;

WRITEFAST (LCR)NU{ITEM) ;

WRITE[N‘[CR,[X'M) {"INITIATE SAMPLING”) ;

READEAST (LCR) ZO,’HIE’I‘I\D;IFADFIBT(MJI)V SCEQ;

T:=I+1;

Z(STR, ITEM, 1} =20 ; THETA (STR, I'TEM, I) :=THETAO ; V I SCE(STR,ITEM, I) :=V_SCE0;
ERFOR_IN_STATUS :=CHECK_STATUS

ENDII‘

WTIL ERFOR IN_STATUS OR ITEM=3;

INPUL':=INPUT + SIEP
WTIL ERFOR_IN_STAIUS OR I=NUMBER OF POINIS;

STEP i= -STEP
WTIL ERFOR_IN_STAIUS OR STR=2;

(*INIERRUPT ALL INIERFACE ACPIVITIES*)
(*RETURN COMPUTER 1O NORMALY)
IF NOP ERROR IN_STATUS THEN
BEGIN
T*PUT DATA ARIRAYS IN A DAFA FILE;PRINP THEM (N PAPER*)
END
EISE
.BEGIN (*PRINT SIMIUS DIAGNOSTICS*) ENDIF

" END.

Fig. 14. Soft three electrode system:main (PDL)
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Fig. 15. Two electrode system (PDL)

(a) Main; main loops and final

(b) Intercalated ramp pulse

ITEM:=0;
REPEAT
TTEM:=I'1EM + 1;STR:=0; WRITELN (LCR)NU(ITEM) ;
REPEAT
STR:=STR + 1;1:=0; TALLY:= 0.0;
REPEAT
I:=1 + 1
IF I = 1 NEN
BEGIN
AXQUIRE (2, THETA,V _SCE,CLOCKA 3, TIMEOUT) ;
VERNIER PULSE (TIMBOUT, SERVO) END
ELSE
BEGIN
WIIIE CIOCKE3 € = SAMPLING PERIOD DO
BEGIN
SET CLOCK#2;
WIILE CIOCKE2 < = RAMP_PERIOD DO;
SERVO:=SERVO + SIEP; -
WRITEFAST(LCR) SERVO
ENDDO
ENDIF;
NOQUIRE (2, THETA, V_SCE,CLOCK#E 3, TIMEOUT) ;
VERNIER PULSE (TIMEOUT,SERVO) ;
ERROR_IN_STATUS:=CHECK_STATUS
WNTIL ERTOR IN_STATUS OR I = NUMBER OF POINTS;
SIEP:= -SIEP

‘UNTIL ERROR_IN_STATUS OR STR = 2;
IF NOF ERROR IN STATUS N (*PRINT DATA ON TAPE;PRINT DATA ON PAPER*)
ORI'TE BRROR_IN_STATUS OR ITEM = 3;
IF ERROR IN_STATUS N (*PRINT DIAGNCSTICS*)

END.

(a)

(d) The Two-Electrode and Software Three-Elec-

trode Systems: Advantages and Disadvantages

The relaxation time is determined by a
period of observation before either one of these
measurement procedures is used. For cells that
have slow relaxation (or settling) times a pure
two electrode system would have no control over
the voltage relative to SCE and numerical analysis
requires that the impedance be measured in both
the forward and reverse direction of voltage vari-
ation for the same set of SCE voltage values.
Therefore for those cells the soft three electrode
system is preferable. However, for those cells
that settle only very slowly, the soft three elec-
trode system will fail to provide these two iden-
tical sets of voltages (SCE). This is because
this system reverts to being a two electrode
system during measurement. For those cells that
do relax quickly, the two electrode system is
better since more points of data can be taken per

unit time.

PROCEDURE VEINIER_PUISE'(IEAL VALLE TIMEOUT,REAL VALUE RESULT SERVO);

(*GLOBAL INPUTS:TALLY AND EXECUFICN TIME (REFERS TO THIS PROCEDURE) *)

VAR CORRECTION, TEMP: INTEGER, FRACTION : REAL;

BEGIN

OORRECTION:= TIMEOUT DIV RAMP_PERIOD; (*INTEGER DIVISION*)
FRACTION:= TIMEOUT - CORRECTION*RAMP PERIOD;

FRACTION:= FRACTION + TALLY + EXECUTTON_TIMu/ RAMP_PERIOD;
TEMP:= FRACTION DIV RAMP PERTOD;

CORRECITON:= OORRECTION ¥ TEMP;FRACTION:= CORRECTION*RAMP_PERIOD;
TALLY:= TIMEOUT - FRACTION; -
SERVO:= SERVO + STEP*FRACTION;

WRITEFAST (LCR) SERVO

END; (*VERNIER PULSE*)

(b)

(e) Data Processing
Regression of the Mott-Schottky relation

(Eq. 27) 1is carried out with Williamson's al-
gorithm (49). This algorithm allows error in both
the x and y axes and treats both variables on an
equal statistical footing. The experimental er-
rors are estimated by either one of the data ac-
quisition programs. This is done for both the
simple parallel and series analysis and for each
frequency used.

Polarization analysis of the voltages
(SCE) as a function of the bias voltages provided
by the acquisition programs is also carried out
with the same algorithm. This warns of abnormal
conditions in the working electrode such as leaks,
excessive relaxation effects and Fermi level pin-
ning associated with deep traps (50).

The analysis of the impedances can be
corrected for the bulk solution and contact resis-
tance as well as for the presence of a thin
foreign layer on the surface characterized by a
voltage independent capacitance (34).

With a Hewlett-Packard #T7470A printer
plotter equipped with an IEEE-488 port, the pro-
gram can generate appropriate Mott-Schottky plot

graphics.

25







APPENDIX I
SOME NOTES ON THE HEWLETT-PACKARD BASIC
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SOME NOTES ON THE HEWLETT-PACKARD BASIC

(a) Non-ANSI Features

This appendix will briefly discuss some
of the non-ANSI features of the BASIC dialect used
here in order to facilitate an understanding of

the code.

(b) Multistatement Lines

In ANSI BASIC each statement is given a
line number. In the dialect used here, it is
possible to assign several statements to a single
line number. The character @ is used as statement

separator in the line.

(e) Input/Output

Corresponding to the PDL  WRITTELN
(device) is the statement OUTPUT device; which
generates a carriage return and line feed char-
acter. The device is one of the external instru-
ments, specified by an integer of the form
700 + primary address. The primary address of the
LCR meter is 17 and that of the voltmeter is 23.
For the other peripherals (CRT screen, internal
printer and cassette) the corresponding expres-
sions are DISP;, PRINT; and PRINT#(buffer num-
ber);. There are no carriage return and line feed
characters generated for the cassette. Another
variation of this statement is OUTPUT USING (line
number);. The line number refers to a character
formatting statement (IMAGE).
ponding to the PDL statement READLN(device) is the

statement ENTER devicej.

Similarly, corress-

(d) Symbolic Devices and Fast I/0
The PDL statement WRITEFAST(device) is

not executed directly, but through the inter-

mediary of a symbolic device residing in RAM., The
device 1is created by the introduction of a char-
acter variable defined as a character queue with
£ill and empty registers with the IOBUFFER state-
ment. The first step is to use the OUTPUT device;
statement where device is the character variable
name. The second step is to write the symbolic
device on the real device with a statement of the
form: TRANSFER symbolic device TO real device
FHS. It is possible to control the value of the

empty and fill registers outside of any symbolic
device transaction. For example the statement
CONTROL symbolic device, 0;1,0 empties the device
off all characters. This is needed before some
write operations on a symbolic device. Similarly
the PDL statement READFAST(device) is stated:
TRANSFER real device TO symbolic device FHS fol-

lowed by ENTER symbolic devicej;.

(e) Vectored Interrupts

These are generated by statements of the
form ON condition GOTO line number or ON condition
GOSUB 1line number. They are disabled by the
statement OFF condition.

The conditions involve keywords that are
fairly explicit. The vectored interrupt is imple-
mented after detection only after the line at
which it occurs is executed.

The PDL CLOCK is written as TIMER#timer
number, timer period. The TIMEOUT statements
The time unit for

The KEY statement

refer to the interface timer.
both types is the millisecond.
refers to reserved keyboard keys used in menu

driven programs.

(f) The Service Request Interrupt
On the IEEE-488 bus there is a special

line called the service request (SRQ) line. This
line is controlled by the devices on the bus.
When one of the devices detects in itself a condi~
tion which is unusual, it can set that line to
true. The value of the line is stored in the SRQ
register of the interface (read by the statement
STATUS 7,1;S, S being the value).

true of the SRQ line can be used to generate a

The value of

vectored interrupt with the condition written as
INTR 7 if the computer is enabled to respond to
it with the statement ENABLE INTR 7;8.

An unusual condition can be read directly
from the device with the predefined function SPOLL
using as argument the device number defined above.
The unusual condition may or may not cause the de-
vice to set the SRQ line to true. Depending on
the device, certain conditions have to be masked

in order for the SRQ line to be asserted as true
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when this condition exists.. An example is the

condition of having completed acquisition of a

datum by the device.

(g) Device Codes

Commands (operands of the OUTPUT device;
statement) are one to three byte opcodes that
allow control of the settings. The setting of
the D. C. bias (device:LCR meter) is of the form:
"BIZd.ddEZddV" where d is a digit. The operands

30

between the 'BI' and 'V; opcodes correspond to the
desired value of the D. C. bias. The actual value
is the same within 1%. This corresponds in PDL to
the variable SERVO. ‘

(h) The TRIGGER Statement

‘ The command to start sampling is written
as TRIGGER (device list). The appropriate opcode
(one byte) is automatically generated. Therefore
there is no operand on the right of the device
list.



APPENDIX 11l

BASIC LISTINGS: DATA ACQUISITION AND
CONTROL SOFTWARE
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INTERNAL DOCUMENTATION
SOFT THREE ELECTRODE SYSTEM
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FRODUCTION UHIT

IMTERHRL DOCOMEMTATION
FOR PROG 28 OMLY
FILE:ZAd

URFORTED MAY 1@-04
RAMODOMIZIMNG MEMU FRERU-
EHCIES
MEEDS 3I2K RAM

LARGE STEFS

SOFTWREE FOTENTINSTRT
RELAXES THE CELL BEFOQRE
EACH HACRUISITION
MEASURES Urew AND ITS
STRHOARD DEVIATION

{3 SAMPLIMGS) BEFORE

THE RUHN

THE STRMODARD DEVIRTIONMS
RRE BRSED OH THE VARIA-
TIONS BETWEEM THE FOR-
HWARD RAND REVERSE STROKES
THERE ARE THEREFORE A
CLRASS HMUMEER OF STOD

GEW. 'S PER MERSURED
FPRERMETER

WITH HP#4274 LCR METER
AND HP#3247ER DMM
FOLLOWED BY TAPE STORRAGE
GF THE DATH

»FOR ELECTROLYTIC CELLS<
SOME KEYBORRD INPUTS FOR
DRTR . USED BY THE PROCES-
SO0F WILL BE RASKED

ARFTER THE CHUICE OF THE
FREQUENCY MEMU, THE USER
IS INVITED TG INPUT

A FERMUTRTION QF 1.2,3
LINCLUDING RtPETITDNH\
THIS WILL HAWVE THIS EF-
FECT OF ALTERING THE
SEQUENCE OF THE FREQUEHM-
CIE3S RND<OR OF INTRODU-
OING REPETITIOHNE

THIS FEATLRE CAN EBE TUR-
HED OFF 0OR OH BY SETTING
OR CLERRING FLRG RS AT
THE START OF MAIN
:AmAQm&Qéq REXVIREFHENA
AN LEOUCACANMET~MSL

ERRERERS PRI SRR EREEE R 3
EM TIMERS
IN MAIH

#1:IH &R RCOGQUIRE
WHICH CRLLES THE FOLLO-
WNING SR'S WHERE THIS
TIMER 1S USED:
START_METERS.,GET_Urev &%
POTENTIOSTRT

WILL DECLRARE MTH

ACKNOWLEDGE TIMEOUT
FRIOR T0O UORDERING
THE GROUP EXECUTE
TRIGGER COMMAND .
THIS IS A FATAL RUN
TIME ERROR:THE PRO-
GRAM IS TERMINATED
#3:POTENMTIOSTAT OPERA-
TIHG PERICO
SUBROUTIHES
RLL FROGEAM:
TIMEOUT 7
INTERFACE TIMER:GIVES
TOTAL PROTECTIOM AGAINST
CRASHES DUE TO BUS HANG-
UPS FOR FORMRTTED I-0

1vva

1
i
1
1
1
i
1
i
1
1
1
1
1
1
1
1
1
1
1
1

W
c

WO L 0 0 80 A 00 (G Q0 OO 0D 00 00 00 €0 00 )
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23c@
2378
=38@
2398
2406
2418
h4 @

AEROEROOIRRORERICROH®

I AND FIRST HANDSHAKE PRO-

! TECTION AGRINST SAME FOR

U UNFORMATTED I-9

I {HF-383 vs LCR & DpMM>

! THESE TIMEOUTES RRE FATAL

! RUN TIME ERRORS:THE PRO-

U GRAM TERMINATES

! THERE I3 RN EXCEPTION:

t IM SR CHECK_DC.,THE SE-

! COMD TIMEOUT INDICATES

! THAT THE OPERATOR HAS

! TO PUT THE DC BIRAS

{ IN ITS PRUGPER POSITION.

! A WRRNIHG IS ISSUED AND

{ UPON RECTIFICRATION, THE

i PRGhRHN RESUMES .

Vo2 n R dnssassiie

REM EMD TIMERS

R AR R R R R AR E R R R R R

REM ENMD-DF-LIME BRAMCHES

! REQUEST FUR SERVICE
INTERRUPT (BY¥TE 3>
THI& CRAN MEAM EITHER
DATR READY {(SERIAL POLL
EYTE =% OFR MALFUHCTIOH
IH THe LATTER CRASE.THE
FROGRAM IS TERMIHRTED

THE EREOR ERAMCH

IN MRIN.AT THE STRET,

A HRRDWRRE SELF TEST IS
fMADE OF THE INTERFRCE.
FRATLURE 0OF THE TEST IS
B FRTRAL FUN TIME ERRORE
AHD TERMIMATES THE FPRO-
GRRAM

RLED COMTINUES 7O MONI-
TORE THIZ SITUATIAON
THROUGHOUT THE PROGRAM

i
{

I

!

I

1

1

x

1

]

i

!

|

i

1

1

1

I IH MARIN (ARCBUIRE BLOCK>.
I CHECWRS THE ALIGHMENT OF
I THE I-0 BUFFER AGRINST

{ METERS FORMAT SPECE

REM It was found that

I pick—-ur could sesversly

I man3le the throusherut

' to the I-0 buffer from

I the LCR meter RASCII

P oqueles

KEM An identical test is

! made when the LCE mezter
! monitor ASCII auesue is

I accessed by means of

! =tring logic (53R GET_.RACY
I In SR GET_.STATS.both LCE
! meter RASCII auesues are

I accessad:and an iden-

I tical test is made

I' Thiz holds for the DMM

I RSCIT queus as weoll.

I IF TAIS MISALIGNMEHNT

! OCCURS.THIS IS A FATAL

! RUN TIME ERROR AND THE

! PROGRAM IS TERMINRTED

|
I
1
]
i
1
|
1
[
1
i
i

ERROR BRANCH IN THPE
HAMOLERS :

3R GET_FILE_HAME

THAT BRANCH ALLOLS
RECOVERY FROM TRPE
ERcORS SUCH AS:

HO CRSSETTE. IDENTIFIER
COMFLICT., TRAFE FULL.,etc
ZR GET_TAPE:-HERE R TRFE
ERROR IS R FATAL RUM TI-~
ME ERROR ANO THE PROGRRM




2549
2550
25643
2579
25384
2598
2699
2619
2628
2620
2648
2650
2658
2E78
2639
2659
2769
27ie
2728
2738
2749
2750
2766
2770
27386
2799
2806
z2e1a
2329
283a
2846
2859
2868
22798
28393
2c99
2968
z9ig
2920
2939
2948
2958
29c8
2978
2928
2999

3226
3238
3240

2250 |

36

! I3 TERWMINRTED )

| A4
REM EMD END-OF-LIHNE

| 253355533455 445543855388%
REM TAFPE THROUGHPUT

I p FILE HAME IS5 RASKED RS
! A8 KBD IMPUT.THIS FILE

| HAME MWILL BE THE IDENTI-
! FIER OF THE DUPUT FILE

! THE FILE HRE 3 LOGICAL

! RECDRDS OF 1432 BYTES

! EACH;THIS CORRESPOHDE

! TO & PRU'S.
! THIS GIVES

I PrRU'S (4256 BYTESD

REM FOR THE FORMAT DETRIL.
REM SEE THE CODE IN FILE
REM Z8B

I 3353558553555 55558354
REM ENO THPE THROUGHPUT
REM VARS

! F9%: OQUTPUT FILE HAWE
ug,us:REVERSIBLE POTEN-
TIAL AND ITS STANDARD
DEVIATION, RESPECTIVELY,
IM YOLT

$9: IMTERSAMPLING
PERIOD.min

D3S: SAME AS ABOVE, mS

D7: FRACTIONAL PERIOD-

OF POTENTIOSTATIC’
RELAARTION BEFORE
ACRUISITION IF
COMPLIANCE FLAG
IS FALSE.mSEC
D7 :=DS/D4

U4, U5:START & FINAL SCE
VOLTS,RESPECTIVELY

Da: SIGHUM QF <UuS-U43
us: SCE YOLT IHCREMENT
REM POTENTIOSTAT

! COMPLIAWCE PRANEL
REM THE FOLLOWIMG THREE
! COMSTANTS HARE LC1:93

! ARRAYS OF LOWG REAL

I U3: YOLTAGE TOLERANCES,

: WOLT

!V FS: GRIHS

I F3 mElHPDHTIHH_;m EL
DF"TF’I l.'.S) 25, 11 .UE:.E‘
1. G@S;.BBE

FOR I=1 TO 3
EEARD W3CIa

MEXT 1
DATA 1.862,1.844,1.68032.1 .61
6,1.832,1.8964,1 . 128,1.122.1
.85

For i=1 TO 9
READ F3:712

" NEKT 1

DATAH 288,485,309, 1580, 2080,

2686, 2906, 20908, 258
FOrR I=1 TD 9

RERAD P31
HE%T 1

REM EHD PHRHEL
l ui: ODC BIRS (WE-CEX
boug: DEMANDED SCE UOLT
i DB: INPUT YARIBELE:
i OPERRTING PERIOO,
i m3EC
I U3: Usce (MOMITORED?
b D ERRUORE EETHEEM
! MOMITORED & DEMAN-
i DED Usce

A TOTAL OF 18

[SEADSENEA RN
ol Gl I PAPI P
P e EA0 0
oD S S

2848
3859
F860
zeve
3826
25908
2500
o108
920
3338
2248
2955
2968
3970
33806
2358
4000
BB

_n

1
R

£t
150
K

o

i
{
1
i
1
i
1
!
i
!
{
1
i
i
K
[
i
{

ITS ABSOLUTE VALUE
COMPLIRMCE FLAG:
TRUE IF \V LESS
MIMIMUM TOLERARHNCE
(Y39 ,see BELOWD
Fz: RETARDATINN CHO-
SEM BY SR COMPLI-
AMCE
F&: GRIW CHOSEM EBY SE
COMFLIANCE
BS: REMAIMIHG OPERA-
TIMG PERIOD AFTER
EXECUTION OF SR
COMPLIANCE

YT

O
T

EM ZF COMPLIRMCE CRLLED

FOR A FALSE COMPLIANCE
FLAG
I:RUMMIMG IMTEGER

REH EMD FOTENTIOSTAT

I
!
{
|
i
i
i
f
K
[}
]
i
i
1
1
{
1
{
|
1
1
{
1
1
i
i
{
1
i
]
{
|
1
{
i
i
i
1
i
i
{
{
{
I
!
{
{
i
i
i
i
!
1
{
i
t
;

il
=

uv,Y: SCRATLCH VARS
15- -STROKE COUMTER:1.,2
15: SAMPLING COUMTER:

1.HE8 <SEE COHS-
TAHESTS BELOW>
Fo MENU COUHTER:1.,3
13: i-2 FOR FORMARD,
4-& FOR REUERfE
ZTROKE
;Id' Ci:&:1:147
OF LOMNG REAL

P

F LOMG RERAL

T T
l'ﬂ?lp—(

~ I“-D.'.DU

*Il-“ﬁ-

Qo
R W

™
—-
{.

—
N,
|
b

UStIo
Uth*-
=70, DEU '3 OF RBOVE

DC BIARSES

{13,137 :

MEARSURED SCE WOLTS

BS : TEMPURRRY STORAGE OF
ONE COMPIIWENT OF ABOVE
SOCFS, 135

STO. DEV.'S OF RBOVE
Z(I3,185:

MOOULI OF THE IMPEDAH-
CES. a-

Z2: TEMPORRARY STORAGE OF
OHE COMPONMEWMT OF ARBOVE
Z8CF93,1I3):

STD. DEVY.'S OF RBOVE
0¢I13,185: .

PHARSES 0OF THE IHPEDAN-
CES.des

0z2: TEMPORARY STORRGE OF
OWE COMPOMEMT OF RBOVE
DacFES, 13):

'\."

D00 l’.uHL

=t
0
St

'STO. DEY.'S OF AROVE

U$,Y%,Z%:1-0 BUFFERS

S9F,50%.F$:3ETTINGS
YARS
ve . AC VLT, mU;R. M. &

I18%¢: ASCII VALUE OF
AC OSCILLATOR
LEVEL MULTIPLIER;
OQUTFUTTED BY SR
GET_.AC AND USED
RS C(PARTIALY> INPUT
BY SR ECHO

CH,GO:PAREALLEL COR-
RECTIONS FOR DMHM
LORDING
CO:CAPRCITAMCE. nF;
LE: COMNDUCTAMCE.: nS
BOTH:L1:3JARRAYS
OF LONG RERAL

F: MENU VECTOR:
C1:2Z7 AREAY OF
THTEGER



b

Lo e fu B
Lo DA o]

O f O 0 L G
@

e
=
i)
=

4059

4
—
—
=

PR A A
bR AR AR AR

e e e e s

S 1o

N
-
0
@

4198
4208
4210
4220
42380
4245
4258
4260
4270
4280
4290
4306
4318
4328
4330
4340
4358
4358
4370
4387
4390
44@8
4418
4426
4438
4446
4458
4450
1470
4488
44598@
4561
4518
4525
4538
4540
4550

s MEHU COROERIHG

TOR:L1:31 ARRAY

OF INTEGER

F@: ACTUAL FRERUENCIES
CORRESFONDIMG

THE MEHWU VECTOR.

EH= -
LOMG RERL

Q1

aF

INTERFHACE AHND-OR
LCR METER REGISTER

DECIMAL VALUE

W DOMM REGISTER.DECI-

MRAL VRLUE.
I E1,C.E8:FLRAGS
REM END WHRS

t
!
!
!
!
!
t
! E1:31 ARRAY
|
]
i
!
1
!
I

Portterrirri b erirrringt

REM CUOMSTHNTS

I C1.Gl:FARRLLEL CORREC-

! FOR DMH CORRX LORDI
! Ci:CAPRACITANCE.nF
! 51:CONDUCTHHCE. nS
LET Cl=.148&
LET Gi=8
LET H3=14 | THIiS IS
' HUMBER OF CLRSSES
! POINTS PER STROKE
LET &=63 ! DRATR ROY
! BOTH FOR
] oMM & LCR

! TER:3ERIRAL RE-
! GISTER MASKED
LET UF=1 !t SIMILAR FOR THE

MG;

THE
R

BYTE
THE
ME~-

! OMM, BUT WITH

! UMHMASKED SERI-
i HL POLL REGIS-
i

TER

LET H1=368 | FORMATTED
]

LET H2=58 ! UNFORMAT
! I 0TIMED
1 m3ECT

LET H3=268 | GROUP EXECUTE
!

TRIGGER

! TR RACK

! LEBGE

! TIMEOQOUT.mSEC
LET H4=868 | DMM SELF-TEST
! TIMECQGUT . m3EC
detinition

LET D4=5 1|

TED
uT,

HOK-

l..'l E [:: -—

TO

10
TIMEOUT, mSEC
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INTERNAL DOCUMENTATION: SUBROUTINES
TWO AND THREE ELECTRODE SYSTEMS

Note: This also contains the documentation for the two electrode
system subroutines. File Zo: soft three electrode system;
File Z5*: two electrode system.
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igca
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ADMITTAHMCESECARACI TAMCES
SUBROUTINE OOCUMEMTA-
TIOH FOR FROG Z&¥ & Za
FREQUEMCY HEMU

SHUFFLE (FLAG RS=8)
FILE:Z¥3R

UFOATED MAY 11.-84
“EM FOR FURTHER DOGCUMEN-
TATION, SEE FILES Z2&d &
Z8d

THE SUBROUTIHES MARKED
WITH A P REFER OQHLY TO
PROG £9.THOSE MARKED
MITH A RE.TO PROG Z2&%
OMLY . THE UNMARKED SUEB-
ROUTIMES ARE EITHER
COMMON TDO BOTH PROGE
OR ACCOMPLISH SIMILAR
THSKb

&aag&ﬁxﬁim\&xﬁxﬁ

. Ll T Ty

ﬁm&&&&ﬁﬁ”ﬁ%¥%%&§ﬁ%ﬁ&%ﬁ&

DEFALULT OFF
NN RN

CLEAR @ QISP USING 1258 ;
IMAGE “ADMITTAMNCES¥SE%CAPAC
ITHHCES™

DISP USING 1278

IMAGE "“IHTERENAL DOCUMENTATI
ON"., "0F THE SUBROUTIHNESY,

ODISP USING 1298 ;

IMAGE «."FOR LISTING QHLY"
DISP USING 13i@

IMAGE 3., 3Xx."FULL BYSTEM INM
FLEMENTRTION"

IMAGE «3X."FILES Z&% & 28"
DISP USIMG 1328

EHD

SUBROUTINES

SUBROUTIME STRART_METERS
TRIGGERS BOTH METERS:
CHECKS FOR MTR RACKNOW-
DGE TIMEODUT; ENRBLES

THE DRTH RDY BYTE INTER-
RUFT

FOR PROG Z&% OHMLY:
STRRT2 THE CLOCK FOR THE
VERMIER PULSE CORRECTIONM

SUEBROUTIHE READ_&_CHECK
JPON RECEIPT OF THE DATH
ROY IHTERRUPT FROM THE
LCR METER.THIS SR RERODS
IN TAE DARTA INTO AN I-0
BUFFER AND CHECKS THE
THRGUGHPUT WITH RESFECT
TO THE LCR HMETER S3SPECS;
IT THEN {IF ALL IS MELL)
FORMATS THE CONTENWTS OF
THE I~0 BUFFER INTO NU-
MERIC VARIABLES
CALLS SR PULL_SCE (SEE
BELOMW?
FOR PROG &% ONLY:
CHECKS TO SEE IF 2~
FALLS BELOW THE CORRO-
SION LIMIT.IF IT DOES
IT FORCES AN ABORT VIA
ITS ERROR FLAG

RETURN

EMD | RERD_&_CHECK
!

!
i
i
i
1
i
i
i
{
i
i
F :
END ! START_METERS
1
]
!
]
i
]
i
1
i
1
!
i
1
1
i
1
]
!
i
]
1

12
ig
15
13
19
19
194

SUBROUTINE PULL_SCE
SIMILAR TO ABOVE.FOR DHMH

RETURN
EMD ! FULL_SCE
!

i
!
!
!
!
!
!
t
!
!
i
i
t
t
!
!
i
[
1
[
R
E
|
{
[

SUBROUTINE VERNIER_PULSE
CASE A:PROG Z&%:
MERASURES THE RCAUISITION
TIME (INCLUDING HP-85
TRANSACTIONS IN SR'S
START_METER %
READ_&_CHECK: COMPEMSATES
FOR THE RAMP TIMEOQUT

BY SENDING A CORRECTION
PULSE TO THE DC BIRS

DAC BEFORE RETURMING TOD
THE MAIN RAMP LOOP

ZASE B:PROG Z8

IF THE COMPLIRANCE FLAG
I3 TRUE,NOTHING HRAPPEMNS:;
DTHERWISE.IT GIVES A TI-
ME OF POTENTIOSTATIC
RELAYATION TQ THE CELL
FOR A FRACTION OF THE
INTERSAMFLING PERIOD

ETURHN
M

D ! VERNIER_PULSE

SUBROLUTIHE GET_FRERUEHNCDY
WITH S0OFT KEY EHTRY.GETS
THE FREQUEHCY MEHNU
QUT:F.F&., 08, 58

RETURHN
EHD ! GET_FREBUENCY

SUBROUTIME CHOOSE_ORDER
INFUTS THE DORDER VECTOR
(A PERMUTATION OF 1.2.3
» IHCLUDING REFPETITONS:
AMD PERMUTES ALL THE
GUANTITIES ASSOCIATED
WITH THE FREWUENCY MENU
CHN EBE DISRELED BY
CLERARING FLRAG R3S IM THE
cabE

RETURN
ENMD ! CHOOQSE_URDER

;

SUEROUTINE CHECK_DC
MAKES THE SELF TEST OH
THE Dtin

WARMS THE OPERATOR IF
THE LCR METER DC RIAS
SWITCH IS NOT IN THE
FPROPER POSITION.
RECTIFICRTINN IS
OEMANDED BEFORE THE PRO-
GRAM IS ALLOWED TO
RESUME

QUT : E1:ABORT FLRAG:SET
O TIMEOUT ¥ IN CRHNCEL-
LATION 2F THE SERVICE
REGUEST DATA READY BYTE

RETURN
ENMD ! CHECK_DC
!

i
]
1
i
i
1
i
1
i
{
!

SUBROUTINE GET_AC

WARNS THE OPERATOR IF

THE AC VOLTRAGE LEWEL IS
BEYOHD THE EBOUNDS OF A
PROPER ELECTROCHEMICAL
PROTOCOL ; DEMANDS RECTI-
FICATION BEFORE THE PRO-
GRAM IS ALLOWED TO RESUME
QUT: V8. I8%

E1:RABORT FLAG:5ET ON TI-
41




2500
z2510
2528

2720
2738
2740
2758
2760
2776
2786
27506
2860
25106
2820
2830
23449
2856
2858
2870
£330
2399
2568
2918
2528
2938
2549
2950
2968
2378

I MEOQUT V.BUS GARELE DOrR

Vo oIGITAL OVERFLOM IHM THE
! MOMITOR RZSCII RUEUE
RETURH

EMD ! GET.RC

#R¥E
SUEBRDUTINE SET_VOLTS |
THE PURFPOSE OF THIZ ZUB-~
ROUTIHE IS TO AVYOID MO-
YING THE CELL T30 RAPI-
DLY FROM Usce=Uresy TO
THE DESIRED STRART SCANM
WOLT
R RAMP COMTROLLED EBY
THE OFERATOR GETS THE
FROM Urevy TO Ustart
(SCE>» AS GENTLY AS NEE~
DED
H RHMP RATE HAS LOW AS
1 aVs5 I3 AYAILABLE -
AL30 PERFORMS DHHM SELF—
TEEST
RETURN
END i SETVOLTS

l SUBROUTINE GET_STHTS.

' CASE A PROG Z2&%:

I TAKES 14 SAMPLES OF THE
I COMPLEX IMPEDAMCES&Usce
I & COMPUTES THE STHANDARD
! DEVIATIONS OF ~Z~ AND @
I KEEPS WRATCH ON THE

I ETATUS FLAGS OF BOTH

! ASCII QIJEUES

I OUT:26,008,56.U8,U9

! E1:ERROR HALF HMIEBBLE

! 1:H0 ERROR; Z:-MALFUNCTION
| SERVICE RERUEST;:Z:BUS

I GARBLE,TIMEQUT 7 OR

! GROUP EXECUTE TRIGGER .
I MTA ACKHOWLEDGE TIMEQUT:;
I 4:KEY#8 HABORT

" 1S EXECUTED BEFORE

! THE REST OF THE ACBUI-~

I SITIOH

i CASE B PROG Z6:

! COMPUTES FOR EACH CLASS
' A STANDARD DEVIATION

! EASED UM THE VARIATION

| BETWEEN FORWARD AND

I REVERSE STROKES

I THIS FOR Wbiasz,Usce

{ CHMERSURED?. #2- AHO &

' EXECUTES LAZST ACQUISI-
VOTIOH

RETURM

EHDO | GET_ZTATS

1

I SUBROUTIME SET-_SAMPLES

! CASE A PROG Z&fk:

' COMPUTES THE HNUMBER OF

I SAMFLE POINTS.THE SAM-~

I PLING PERICD HHD MAKES

I CONGRUENT WITH THE LATTEf
I THE SECOND EMD PQINT <¢DC
I YOLT.BIAS MOMITOR2

P IM:W (FROM SR GET_AC»; -
| QUT:U&:HERE=Uz-U1{ (z 1S
I ALREADY. COHGRUENT MWITH

! THE SAMPLING PERICGD);

i US.,35.,08.0

FEM H= to D.it has the

I zian of D&

I CAZE B PROG Z2g:

! THE HUMBER OF POINMTS IS5
I FIXED.

3969
978
2384
25990
48064
4510
4328
40328

I THE IMITIAL AMD FINAL
! DESIRED VALUES OF ‘Usce
! ARE INPUTTED FROM THE
! KEYEBORRD.IF THEIR

! AB3OLUTE DIFFEREHCE IS
I LESS THAN S%ARC LEWYEL.

I MEW KEYBOJARD INPUT IS

! REGUESTED.

! MAKES THE FIMAL Usce

! CONGRUENT MWITH THE

! HUMBER 0OF POINTS

I QUT:U4,US.UE.DB

RETURN

EHD | SET_SAMPLES .

SUBROUTIME ECHO

CHECKS THE IMTERMAL
SETTIMGS BYTE AND COM--
PARE WITH THE DESIRED
DOHES; TERMINATES THE PRO-
GRAM IM CASE OF A DIS-
CREPAMCY (El1=1,ABORT
FLAG, TIMEOUT 75

I IW:89%,88%,18%,F%

FEM OHLY LCR METER
RETURH

EMDO 1 ECHD
i

I SUBROUTIHE EXPLRAIM_SRER
' IH CASE OF R SERVICE

! REWUEST FOR OTHER THAN
I THE DARTH EEADY BYTE=

! DISPLAY OF THE S3ERIAL

! POLL BEFORE TERMINHTIUN
RETURN

EHD I EAPLAIN_SERQ

l SUEROQUTINE GET_FILE_MAME
! HSKS THE OPERATOR FOR

! FILE NAME

! CHECKS THE CATALOGUE AND
I' REJECTS THE HMAME

t IF INCLUDED IWM DIRECTORY
' A NEW MAME MUST BE

! ENTERED FOR THE PROGRAHM
! TO RESUME

! FOR FILE EPECS,SEE FILE
! Zgd OR Z&d

RETURH

?ND ! GET.FILE_MRAME -

| SUBROUTINE GET_THPE

P PRINTS OM THPE THE DATH
! FOR PROCESSIMG.1 FILE
! RECORD PER MEHU ITEMNM

I ERRORS HERE HRE HNOT

! RECOVERRABLE

P OUT:E1 ERROR BIT,SET

! SET FOR AEBORT -

RETURHN

END ! GET_TAPE

' SUBRUUTINE EAPLAIN_ERROR
' THIS SUBROUTIHE MWILL

! DISPLAY THE ERROR CODES
I {IMCLUDIMG THOSE OF THE
! IHTERFACE AND ROM IF

! MEED BE> AMD THE LINE
' MUMBER AT WHICH THE

I ERROR OCCURRED?:

' GENERAL END_OF_LINE

I BRANCH OQUTSIDE OF

! ACOUIRE BLOCK IN THE

I MENU LOQP;THIS BRAN~

V' DOES HOT IHYOLYE HMIS-

¢ ALIGHED I-0 BUFFERS
RETURH




4370
43328
3395
4400
4410
4428
4438
444a
4453
4460
44709
4430
1498
45090
451a
4328
4338
4548
4358
4350
GETE

1336
4528
4508
4518
4523
$&36
4641
45856
4560
4678
48283
4599
47@0
4716
47209
4738
4748
4758
4750
477a
4730
4738
4890
4z18

ENMO ! ESFLAIM_ERROR

1

! ERE

I SUEROJTIME WAIT_A_WHILE
! PURPOSE: TO QWERCOME

I THE 2¢ MIMOTES LIMIT

I OF THE 'WRIT' FUNCTION
U IN:W@.WS. 07
RETURN

END ! WAIT_A_WHILE

\\ b3
=

l

! SUBRUUTIHE GET_RELHARED
1 DOES AN UPSTROKE-DOMMN-
I STROKE WITHOUT ARCQUISI-
| TION BEFQORE ACRUISITIUON
| FURFOSE:TO ACRUIRE

| ERUILIBRIUM DURING

| ACRUISITION

! MUMBER 0OF THOSE PHSSES

! ('CGHDITIOHNING PRSSES')
! ASKED FOR AS MELL AS

| TOTAL HUMRER QOF THOSE
t

i

]
F

E

PASSES (v.g. IM A RE-

LAXATION FROTOCOLX.

2UuT:P3, P &
ETURN S5aza
MD ! GET-RELAXED SRS
! 51848
! SUBROUTIHE MULT_IT 5118
! WITH HUMERIC INPUTS 5128
b 1,2, DR 3 GIVEN BY 136
! A KEY.PUTS THE AC S1d8
! USCILLATOR MULTIPLIER 5158
! AT .8l. .1 OR 1 5158
| CALLED BY SR GET_AC 5174
RETURHN 5189
END PoMULT_IT 199

52993
| SUBROUTINE .81 53218
I SETE THE INFUT OF SR 5226
VMULT_IT (SEE ABOVE> AT 5238
i 1 AND CALLS THE LATTER 5248
! SR S25¢E
RETURN 5268
END ! .81 S27a
! 52538
¢t SUBROUTIHE .1 5298
i SIMILAR TO 3R .B1:INFUT 5354
I BF SR MULT_IT ZET AT 2 5318@
RETURN 5328
ENE T .1 53308
! 5348
! SUBROUTINE 1 5358
! SIMILAR TO SR O.@1: INPUT S358
b OF SR MULT_IT SET AT 3 5375
RETURN 53806
END 11 5390
S460

' #qRE 5418
! SUEBROUTIHE GET_RATE S42
I ALLOWS USER CWITH KEYS) 5436
I TO CHOUSE EITHER A FAST S448
! (3? mY/min2 OR SLOW 5458
! (1% m¥smind SCAN RATE 5468
RETURN 547A
END ! GET.RATE 3480
! S5ad
! SUBROUTIME SHOW_DATAH 5510
| SHOWS ON CRT DATA AS - 352
! THEY ARE ACRUIRED.EX- 5339
| CLUSIVE OF THE DC S54a
! BIASES 5558
RETURN 5968
END { SHOW_DARTAH 5578
! 55¢8
I SUBROUTINE PRINT_DATA 5529
! CASE A PROG Z&%: Souy

PRIMTS 0ON PAPER AFTER
COMPLETION OF ERCH ME-
NU ITEM IM COLUMNS
(STROKE EY STROKE> PT.
#.Usce.,~ 27,8

CASE B FROG Z2g:

AFTER COMPLETE ACQUISI-
TION,ERCH MEHNU ITEM

HAS A PRINTING AS IN
THE RABOVE.FOLLOWED BY

A PRINTING OF THE STD.
DEW. 'S OF THOSE RUANTI-
TIES,FOLLOWED BY A FUlLL
PRINTING OF THE EBIARSES
AND THEIR OWM STD.
QEW'S.
ETURN
MO i PRIMT-.DATAH

H¥PE
SUBROUTINE ACQUIRE
CALLING SUBRDUTIMNE:
CALLS 3R STHRT_METERS,
READO_&_CHECK . ECHD &
SET. FREDUEHL
RETURH
N ! ACQUIRE

P50 e o e oo o om0

#pP#

SUEROUTIME SET-.FREQUEHCY
SETS THE LCR HMETER AT
EACH OF THE THREE MEHNU
FREQUENCIES BEFORE
ACRUISITION

DUTPUT : F§
RETURN

MO ! SET_FRERUEMCY

[T} 30 erm o v ot o s o

J\Po%

SUBROUTINE FOTENTIQSTAT
PLAYS THE ROLE OF A

LOW CUOMPLIAHCE.,SMALL
BAHD PASS (18 H=>
SERUEHTIAL FOTENTIOSTAT
SET5 THE COMPLIANCE
FLAG TQ FALSE IF MINI-
MUM TOLERANCE BETWEEN
MEASURED AND DEMAMDED
Usce MOT HCHIEVED

IN:D8

IN-OUT:uU8. U1

ouT:C%
ETURN
MD | POTEMTIOSTAT

o [T} A v e o e s e e e e e e e

! #PH

| ZUBRAUTINE COMPLY

| CALLED BY 3R POTEMNTIO-
I STAT

i ADJUSTS THE GRIN 2

! RETARDATION ACCORDING
| TO THE ABSOLUTE ERRDR
| BETWEEN DEMANDED ARD
I MEASURED Usce

I QUT:F&:F&

RETURM

END ! COMPLY

I SUBROUTINE SET Ursw

I WITH ZERD DO RIAS.

V' TAKES 5 SAMPLINGS IH

I ZUCCESSIOH OF Usce.

I TRAKES AYERAGE HND STD.
I DEVY. (ERUILIBRIUM

I POTENTIAL>

I QuT:u9.,18

RETURHN

END ! GET.Urewv
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1889 | AOMITTAMCESRCAFACITANCES
1885 ! HI REZOLUTION <LCR>

1818 ¢ FILE -8 --—-FULL =YSTEM
1813 1 REVISED MAY 4-354

1620 | FOTENTIQSTATIC COMTROL
1825 ! RELAKATION BEFORE ERACH
18326 1 ACRUISITION AT STEROY
1635 ¢+ VOLT SCE

1842 | PROGUCTION UMIT:

1843 REM FOR FURTHER DOCUMEH-
1858 | TATION.SEE FILE Zgd

1855 | UHENRNINUNRENRNEN R ENE
168 | JEAN LEDUL'LHHMET/ENRfNSL

1657 | HENENURNIIE IR NS

1878 OEFAULT UFF

1673 OPTION BRSE 1

1980 SHORT Y3CS2,PI(32.FS5(22.0F.,
S3,H1.H&,H3H4. VB, Y. DS.F6.D
SP2.U1,08,U3, 08,44, U5,U8,D05

1@35 REAL UF.R,UE,U2,22,02,B5,C1
Gl

16838 INTEGER 0S{3>.F{(3>,I1%,5, IS
NN, F2.,E1.CLRS.E@B,VL.,.57.,
.08,1,13.09.04, 14

1asg DIH 2(6,14};26(3,14330(6314

LOB(3, 140,08, 143,30 3,14)

,“ﬁ(c,14) FE(3>»,CEC3>,GAC3

DIMt V&<3. 14

OIM U131, USC210.7¢042]. 58

FUL3A.53$C133. F$FL21, 87251,

183C13

=
s
Pl
o

111e DIM F2FLCS]

1115 IOBUFFER U¢

1128 IOBUFFER U

1123 IGBUFFER Z¥%

1139 U rrirrrrtnptiereerrnrnhnd

1135 | BEGIH MAIN

1148 CLEAR B DISP USING 1383

1145 IF ERROM=8 THEN 11585

1138 DISP USING 1155

11535 IHMAGE "I~-0 ROM ERRQR",/."@EgE
ERBORTREE"

116@ GOTO 2138

1155 ON ERROR Z0TO 1188

11v8 RESET ¥

1175 OFF ERRDR 2 GOTO 1195

1180 OFF ERROR ® DISP USING 1185

i B GOTO 2188
1185 IMAGE "INTERFHRCE FAILS SELF
DIAGNOSIS"., 7, "RBERABORTRRE"

1190 ENABLE K&D 23

1135 H8=1d4 B Q=65 B Yr=1 R Hi=3s
B ® H2=58& @ HI=26A @ H4=E06

1286 ODATA 1..3..29,.1,.85, .82, .8

1..885, . 082
1285 FOR I=1 TO @
1218 RERD V3{I?}

i -
b

FOR I

)
i3
=
iy
L IR O T N e I
Cod s 120 T

C=@
REM :RANDOMIZE MENU

LET ®5=8 ! 1=HOT RANDOM
FRINT USING 1385 ;

WO~ MP T AR
eEaOuaouUEdod

o

@I

-

I

[ e e il Ll =
RV VR RN SV Eu N (VI N O X o)

P ol R TR
CUEUD UEUND

Gl Lyt Gl

B gl G

-t b
] Gl 1]
I Oyl
[ Fd |

g

1
1

(S|

DO B s W R |

ok o bt ek bt
P IR o A

—

L N Y
)
i

bt
[oRE R ¥y]
[

15985
1s19
1515
15206
1525
1536
1525
1546
1345
1554
1555
1560
1355

1579
1575

1528
1585

WRIT 28va

IMAGE "AOMITTANCESSHI¥CAPAC
ITAHCES" .. "LARGE STEPS".~.
“"POTENTIOZSTAT"

I CALL GET_FILE_NAME

LCOZUB 3585

EMABLE KED 32

ABORTIO ¥ 2 REMOTE 717,723

@ LOCAL LOCKOUT 7

! CALL CHECK_DC

LUSUB 3Baa

IF E1 THEN 28295

CLEAR

ON TIMEQUT 7 GOTO 1385 @ SE

T TIMEQGUT ¥iH1

GUTPUT 723 :"FIRBNST4Z1D1™

QFF TIWMEQUT 7 @ GOTO 1370
OFF TIMEQUT 7 @ DISP “"TIMED
UT.0OMM SETTING" @ GOTO 283%S
ENRELE KEBD 1

CLEAR & DISP "INTERSAMPLING
RELAXATION" @ DISP “TIME.m
in" .
DISP "MINIMUM:1 minute®

DISP "ENTER";

INPUT 3538

IF S3>1 THEH 141@

DISP "dTDD SHORT® @ DISP

GUTO 137%

Do=523%53800

Ov=0%-04

CLEAR ® DISP USING 1425 ; S

=]

IMAGE "INTERSAMPLING RELH%H
TION":#"TIME:".3¥,20.D." m
in"

DISP B DISP "ilrev + STD. DE
iin

ON TIMEDUT 7 GQOTO 1458 @ SE
T TIMEGUT FiHi

GUTPUT 717 "I

OFF TIMEGUT 7 & GDTU 1464
OFF TIMEQGUT 7 & DISP "DMM H
ANG-UF, SETTINGS"

GOTO Zaas

PoALL GET_Urese

COSUER 3Z28

IF El THEMN 2825

FRINT UWSING 1426 ; UE.,US
IMAGE "Urew=",.50.3D." +s- v
L2030, 30

Op TIMEQUT 7 GOTO 1Sa8 @ SE
T TIMEQUT F:iHL

QUTPUT 723 :"T1"

OFF TIMEGUT 7 B GOTO 1585
OFF TIREQUT 7 & DISP “"TIHED
UT.DMM SETTINGSY ® GQTO 23
3

ENABLE, KBD 32

I CALL GET_RC

LOSUE 3148

IF Ei THEN 2895
I8F=UVALS$CI3>

EMABLE KBD 1

t CALL SET_SHHMPLES

GUSUE Je@m

ENRBLE KBDO 32

! CALL GET_FRE®UENCY

GOSUB 2434

REM SETTINGE

OM TIMEQUT V¥ GUOTO 1558 & SE
T TIMEQUT 7iH1

GUTPUT 717 ::"A4B1C2D0OH1IR31S
aran

OFF TIMEQUT 7 @ GO0TQ 188D
OFF TIMEOUT 7

CLEAR & BEEFP 5.1884

T -




[l S e el el e

SR RS W X u s Rs) Moy Red ]
I Rt Do Y RS (I (w R I e
U DR o DAl LR R

-

[ e el achand el o
b B S e B e
Ry n W S I S S T B o
SEm euomod

BISF USING 28135 ; & DISP US
ING 2828 : & DISP USIMNG 282
5 ; @ GOTO 2855

REM 32%,824:FOR ECHO TEST
SG$=" R4B1ICZDE" & S9%="HLIl
H'413%$%&"R3158T3" ’
IMAGE “EI";SEDQ;"U“

CLEAR

oW KREY# 2."STOP" GOTO 1925
KEY LABEL o
DIZP USIHG 1765 i

FRINT USIHG 163235 ;SS9

IMAGE “IHTEPSHNPLINh RELAXA
TIoM",~,20.0:% min"

E@=a

CLEAR ® KEY LABEL 2 DISP US

IMG 13285 :
BEEP 5.,1080 @ WRIT 3683 @ C
LEf® : '

»oB L =SPOLL (T
ijG=U4 @ Ul=pH
{ STROKE COUNT LOOF

| 3553535555555 558555F58%3%
FOR I2=1 TO 2

CLERR

! SAMPLING LOOF

| PREECREEZREREIERIEGERERREE
FOR I3=1 TO HE

oW ERROR GOGTO 19735

Da=0%

I CALL POTEMTIOSTHT

GOSUER 4358

oM E1 GOTO2 1738,2835, 1925,1
a4

Vo BEREAFAF T L L 310
I MEHU LUUP

FOR F3=1 TO 3

I CRLL YERNIER_FULZE

L0SUB S4898

O E1 GOTO 1755,2895,1525.,1
240 .
13=I9+2k(F5~ 1;

! CALL HACGUIRE

GOsuUB 4v38 :

ON E1 GOTO 1775,2855,1925.,1
946

UJI3,I85=B5 & US(I3
ZC13,1583=22 ® 0{13,
HEXT F5 -

! EHD HWEH LOOP

(- FEEBRE LSRRI EIG B EES T 3°3 1
I CALL SHOW_DATA

GOSUR 2429

IF 13=M3 THENM 18206
Ua=Ug+Us"

HEXT I3

! CLPELGDLL@ﬁ@@uQ@ CREEERER
I ENMD SAMPLING LOOP )
OFF ERROR 2 UOFF INTR 7 @ OF
F TIMER# 1 & OFF TIHMER# 3
CLEAR @ DISP "EMD STROKE" @
EEEP S5.30B0 @ WRIT 2866
Us=-Ug

HEXT 19

I END STROKE COURNT LUDP .

| $$$55555P555 558535858584
REM :MORMABL ESCAPE

OFF ERROR 2 OFF INTR 7 @ OF
F TIMEDUT ? & OFF KEW# 8 @
OFF TIMER# 1 € OFF TIMER# 3
' GET_3TRATS

GOSUE S416

CLERR @ KEY LRBEL @ DISP uUS

éNG 1395 ; & DISP USIHNG 189

55 S5TATUS 7.1 ; 5& 5=SPOLL{717 .
TE230

H

35 1
8)=

[

0

IMAGE 3v,"EHD OF RCRUISITIO

H",7,"TAPE 1-0 AMD PRINTING
FoLLOW®

I CALL GET-TAPE

GUISUE 4845

IF Ei1 THEHW ZB35

! CALL PRIMT.DATHA

GOSUR 4194

C,El=3 B GOTO 2895

REM KEY#3 ESCAPE

OFF EREROFR ® OFF IHTE ¢ & OF
F TIMEQUT 7 ©® OFF KEEYV# 2 ®

OFF TIMER$# 1 & OFF TIMER# =
=1 E GOTO 2625

EEM :ILLEGAL ZE&® ESCAFE

| uUT IDE OF ACAUISITION

OUFF ERFEOR @ OFF INMTR ¥ @& OF
F TIMEQUT 7 ® OFF KEY# 2 ®

GFF TIMER#% 1 ® OFF TIMERH® =
STRTUS 7.1 ; 3@ S=SPOLLL71I?
3

I CALL EXPLAIN_SRQ

GOsUR 3725

c=1 @ GOTO 2635

REM ERROR ESCHPE

OFF ERROR @ OFF INTR 7 @ OF
F TIMEQUT 7 @ OFF KEY# & €
OFF TIMER# 1 2 OFF TIMER# 3

STATUS 7.1 5 SE@ b=5PDLLf?1r

——

call E3PLHIH ERROR

GOSUB 4545

C=1 @ GOTO 2935

REN ERROR MESSAGES

o444 44444444 4444444444444
IMAGE “"EUS HANG-UP IMN"
IMAGE "FORMATTED WRITE.,"
IMAGE "IMITIAL,SETTIMGS"
IMAGE "DC BIAS STATUS CHECK

IMAGE “INMITIAL DC BIAS CODE

IMAGE "UNFORMATTED WMRITE,®
IMAGE "RAMP LOOP®

IMAGE "GRP EXEC TRIG",~, “HT

A RACK TIMEOUT®

IMAGE "UNFORMATTED RERD, ®
IMAGE “ACOUIRE BLOCK® '
IMAGE "INTERCALATED PULGE"
IMAGE "INTERFACE GARELE.
IMAGE “OWER- OR UMDER-FLOMW.
LCR™, 7, "MAIH MEMORY™

I A4 A4 444 (4444444444444 494

REM END ERROR MESSAGES

REM :COM ESCAPE POINT
ASSIGH# 7 TO %

DISP “TERMINATE" ® BEEP _

STATUS 7.1 ; S@ S=SPOLL(717
y B Y1=3POLL(723)

OUTPUT 717, ; "EIGAOEGRYIG"

OUTPUT 723 ;"KMep"

DISP USIHG 2125 ;

IMAGE "DON‘T FORGET TO SWIT
CH OFF",~,"THE DC BIAS SWIT
CH BEFORE". ., "REMOVING THE

CELL™ ,

LOCAL 7 @ ABORTIO 7

BEEEF ® DISP "EMD OF" & DISP
USING 13B5 :

DISP USIHG 2145 ;

IMAGE “THE FROCESEZOR FILE N

AME IS5:".., 194, "ZORCH

EHD i MAIN



SUBROUTINES
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SUBROUTIHNE STHRT_METERS 2456 DOISP USING 2455 : F9.,18.1%,

gi=1 _ _ UC3,I32,2(5,1I85,0(5,13)
ON KEY# 2. "3Tap" GOTO 224 2433 IVMAGE 2CD."i"y, 20, ¥, "{",52
Ot TIHEF# 1.H2Z GoT0 515 3D0," 1",D.30e,"i".30.0D
SEMD 7 5 MTA LNL LISTEM 17. 2468 NEXT F32
= 2465 DISP
2135 S@ IF BITC(S, &> 2478 RETURN
HEM 213 SE =221n J475 END | SHOW_DATA
2o0a ROR ® OFF IMTR 7 ® OF 2425 | SUBROUTIMNE GET.FR
EYE G OFF TIMER# 1 24235 ON REYV4 1."A" GOTO

2888 : @ El1=2 @ M kEY# 2,"B" GO0TO L
KEYVE 3."0C" GOTD 2335

2218 0FF TIMER# 1 @ STRATUS 7.1 s 2598 ON KEY# 4.70% 5070 2544
SiE S=SPOLLCFLITY @ Wi=SPOLL 256% CLEAR @ DISP USIHG 251 & @&
(723 OISk USIMG 2515 ; ® KEY LA
GFF INTR 7 ® OH IMTR 7 GOTO EEL
4385 =518 IMAGE HCY MEHUS"
TRIGGRER 717.723 @ RESUNE 7 2515 IMAGE "A:.2.,2.268 KHz",~ . "B:
HAIT 18aaa 448 KHe" ., "0 1,18, 183
REM The RETURH to avoid EHz". . "D: . 4,1.,2 KHz"
REM timina rFrraoblem 2528 GOTO 2528
ENABLE INTR ¥:2 @ 0OM KEYH 3 2525 OFF KEY# 1 & 0OFF KEYH# 2 @ O
SUSTORY GOTO 1925 & FETURH FF KEY# 2 ® OFF KEY# 4 » RE
OFF INMTR 7 ® OFF KEY# 8 @ E STORE 2559 & El=1 @ SUTQO 23
1=3 e
S8 RETURH 28535 OFF EEY# 1 @ OFF KEY# 2 @ O
35 END | START_METERS FF KEY# Z © 0OFF KEY# 4 @ RE
CY S STORE 2555 & El=2 @ $OTO 25
65 | SUBROUTIHE READ_&_CHECK Th
2276 Ei=1 @ OW KEY# &,"3TOP" GOT 2535 OFF KeEYW# 1 & OFF KEY# 2 @ 0
0 2496 FF KEY# 3 @ OFF KEY# 4 & RE
2275 IF 5= AND Y¥1=U7 THEM 2283 STORE 29568 ¥ El1=3 @ GOTO 25
2258 OFF KEYH 2 © Ei=4 @& Ea=1 @ 7a
GUTO 2445 2548 OFF KEY# 4 @ OFF KEV# 1 & 10
2289 | CALL PULL_SCE FF KEYH# 2 ® OFF KEY# 3 & RE
2298 GUSUBR 4415 STORE 2565 @ El=4 @ G0OTO 25
2235 IF Ei>1 THEH 24@3 Fa
2328 CONTROL Z%.9 5 1.9 2545 REM REHMOTE CUODES
23@5 NN TIMEQUT 7 GOTOD 2328 & SE 253538 DRTR 13,15.12
T TIMEDUT 7F:iHZ 2555 DATA 14,17.:29
2710 TRANSFER T1F TD 2% FHS 2566 DATA 13.18,:21
2315 OFF TIMEQUT ¥ @ LOTO 2339 2555 DATA 14,135,186
23206 OFF TIWEQUT 7 @ OFF KEY# € 2578 FEAD FOlx,FC2Y,FO3%
2325 DISP USING 2815 : @ DISP Us 2575 ON E1 GOTO 2588,2538A,2608.2
IMG 2B3S & & OISP USING 2a& a6ld
a : 2558 REZSTORE 2623
El=2 @ GOTD 2485 2585 GOT0 2615
O ERROR GOTO 2355 2599 RESTORE 25386
ENTER % USING 2345 5 22,02 28595 GOTU 2518
IMAGE #.6X.0.50e.3%.20.50e 2600 RESTORE 26335

UFF ERROR ® GOTO 2378
2355 OFF ERROR ® OFF KEYH# §©

COTCG 2615
RESZTORE 2548

2358 DISP USING 28¥@ ; @ DISP U5 : READ Failiy,F&8(23,FEi3s
ING Zas8 2628 EEM FRERS.KH=z
23585 El=2 ® GOTO 24a35 2625 DRATH .2.2.28
23768 REM Hum ch in LCR main 2630 DATH .4.4.48
2379 | ASCII aueue:34 DRTH 1416,188
2388 COMTROL Z#%.,8 ; 1.34 DATA .4,1.,2
2389 IF Z$C04,40%Z$019, 12T="NN" T ON Ei GOTO 2659, 3268c648,267V6.:2
HEH 2335 [S3=1" ]
23928 OFF KEY# 8 @ DISP IUSING 287 B RESTURE 27¥za
5 & El=2 & GOTO 24@%5 S GOTO &6¢S
2325 OWN KEY# &, "STORP" GOTO 1925 B RESTORE 2739
M OGOTO 2489 : 5 G0TUO 2885
2489 0OFF ERROR ® OFF TIMEOUT 7 @& 2678 RESTORE 2740
OFF KEY# 8 @ E1=3 2675 GGTO 2635
24685 RETURN 2658 RESTORE 2758
2418 EHD ! REAODL&_CHECK 2625 READ CE{idx,0BC2Y. . CRACED
2420 | SUBROUTINE SHOWM_DATH 2696 READ GB(1).58¢23,GR{3D
2425 IF RMD<IS-1.1434#8 AND RMDCI 2H9S REN UMM CORRECTIONS.
5-1.32%#9 THEH =448 2768 REM PRARALLEL:BY PRIRS OF
2478 CLEAR & DISP USING 2435 ; 27aS REM LATR STHTS
2435 IMAGE “"FiV","Si","pt#l", "Usc 2718 REWM TOP OF PAIR:C.nF;
Bl ML NeTen T 2715 REM EBOTTOM OF PAIR:G,nS
2448 FOR F>=1 TO 3 2720 DATA .95187. . 37946, . 834914
2445 S=I9+2%CFI—1) 2725 DATA 23 .7.2619.7,9735.5




5 DATA 1 »
ODATA .47358, BSBJSo; 822641 .

DATA .S5128.. 21541; 825577
565 )

DATA 839 , 5168 5, 18562

ODATA .5128,.47358.,.37946
DATA 156,589.,2819

IF RS=1 THEM 2773

{ CALL CHOOSE ORDEE

GO3UB 2325

PRINT USING 27v86 ; F@©(l),Fa
(2., FE{3s

iMAGE "HEHU FPEQUENCIES KH=z
"L,/ 3(30.0.%

- CLEAR

FOR F3=1 TO Z

S CA(F9)=CA(F9>+C1i

2903
2918

2919
2928
2925
253208
2335
2948
2945
2250
23955
2968
2865
2978
2975
2930
2955
z958
2995
oy 1]
3685
30106
2a1s
Z8Zv
ZBZS5
28308

=A35

GOCF9I=GE{(FS>+G1

HEXAT F9

RETURH :

END ¢ GET-FREGUENCY

! SUERJUTIHE CHOOSE_ORDER
CLERAR ® DISF "EMTER ORDER".

5 EHABLE KED 1

DISF "%"; : .
THFUT 05:17,05(23,05(3)

IF 0S¢s3>=1 AHD 05(S3<=3.TH
EM 2255

GoTo 2875

NEXT S

DISP_?{IMPRUPER ENTRY 4" R 3
ENMABLE KBD 22

FOGrR Z=i TO 2
Z{1,89=FBCDS5(37
HEAT =

FOR 3=1 TO 3
FaiSr=Z:1,5%
HEXT 2

FOR S=3: TO =
ZC¢1,29=C8{D5(527
NEAT 3 :
FOR 3=1 TD 3
Ca(gi=241,5%
HEXT 35

FOR =2=1 TO &
Z2(1,32=58{03(52>
HEXT %

FOR 5=1 TO 3
GE(EY=201,82
HEXT &

FOR ==1 To 2
05{3>»=F(055%>
MEXT 5

FOR 3=1 TO 3
Fisr=05(3%

HEXT 5

RETUREHN

END | CHOOSE ORDER
I

é SUBROUTINE CHECK-DC

1=0

OH_TIMEOUT ? GOTO 3845 & SE
T TIMEQUT 7;H4 .

CLERAR 723

OFF TIMEQGUT 7 ® GOTO 3655

OFF TIMEOUT 7 @ Ei=1 @ DISP

“DHMM FAILS SELF-TEST™
GOTO 3125
o4 TIMEOUT ¥ GOTO 3878 @ 3E
T TIMEOUT 7;HL
GUTPUT 717V ;"IB" .
OFF TIMEDUT 7 ® GOTO Zg8a

OFF TIMEOUT 7 & El=1 & OISP .
USIHG 2015 ; @ DISP USING

2628 ; @ DISP USING 2825 ;

BT S
2828
3085

3094
@33
Zlon
2185

3110

£l 33 P
AT

SESENESEN]
e

[ ER|
ot
[T Eux K]

")
XD

I
[

] €08 2]
aqoa U

ARSI
[XURRLELN]
-
(4,3 xE &

-

P P
Gl PR
aEaeE

) G i G

[0}
™
NS
[}

2F F D

GOTO 2125

OFF KEY# 1 & 3=SPOLL(717)

oM TIMEDUT ¥ GOTO 3ie6 @ SE

T TIMEGUT 7iHL

auUTPUT 717 ;"BIBOBGEGGV"

OFF TIMEOUT 7 @ GOTO 3125

OFF TIMEQUT 7

CLERR ® BEEF S.,1865 @ ON KE

“# 1 - GOTO 26888

IMAGE "PUT THE DC BIRS SWIT

CH",~,"IM 'int' POSITION,PL

EASE", 7, "HWHEHM DONE.,PUSH KEY
"

DISP USING 3116
GOTO 2128

RETURN

END ! CHECK_DC

i CUEFUU:IHE GET-AC
E
Iz
1

lI lI

S

IHLL MULT..IT

COZUE 451B

IF E1 THEH 3235

oM KEY# F.UREADYT GOTO 31ES5
CLEAR @ KEY LABEL & DISP "A

¢ LEVE. ADJUST"

IF Ei THEW 32235 ELSE 3139

OFF EEYH# ¥

OM TIMEOUT 7 GOTO 3265 @ SE

T TIMEOUT 7;H1

OUTPUT 717 "LW" .

OFF TIMEOQUT 7 & GOTO 3218
OFF TIWEQUT 7
GOTO 22395
COHTROL Z$%.89 ; 21, @0
MEOUT ¥ GOTO 3238 # SET TIM
EQIUT 7:HZ :
TRAWSFER 717 TO 2% FHS

OFF TIMEOUT 7 @ GOTO 3248
OFF TIMEOUT ¥

DISP DSING 2815 ; @ GOTOD 32
=14

E1=2%CZ1,213=" " @ S=2Z
223="N" ® IF El RHLD 3 HEH
32718

CLERR @& IF S THEN 3235

ODISP USING 2B7ve ; @ GATO 32
58 .

OIisP "BUS GARRBLE"

DISP "4AC LEVEL ROUTINEA"
GOTO 3385

ENTER 2% USING 2273 ; Wa
IMAGE 34,2D.20e )
IF ¥Br=.804 AHMD VYB<=.pB5 TH

EN 3239

DISP "READJUSTY @ WAIT 16606

Ei=8 @ GOTQ Z17d

W=la & YB=Yo¥1000 2 DISP US
ING 33600 : Ve & WAIT 46968 &
CLEARR ® El1=8 B
IMAGE "AC 0K DOW'T TOQUCH".,~
S"AC WLT:*L.20.0." nY¥ R.M.S.
OFF KEY# 7 @ OFF KEY# 1 2 O

FF KEY# 2 ® OFF KEY# 2 ® RE

TURN

EMD | GET_.RC

}

! SUBROUTINE GET_Urev.

Ei=dg . '

U3, us=0

ON TIMER# 1,05 GOTO 3345
GOTO 3340

DFF TIMER# 1

ON TIMEOUT ? GOTO 3365 ®© SE
T TIMEOUT 7;i;HL-

ouUTPUT 723 ;"KMBL"




3418
2413
2420

3425
343D

2435
3440
3445

450
2455
2468
I455

3470
3475
32438
3483
3498

2435

3508

3585
3510
2315
2528
2525
35328
3335
3546
2545
3558
3335

OFF TIMEQUT ¥ ® GOTO 3I3F5

OFF TIWEOQUT ¥ @ Ei1=1 2 DISP
"HANG-UP.Urew ROUTINE®

0TO 32329

STATUS ¢¥,1 i S@ S=SPOLL{T723

FOR I8=1 TO 18

SEMD ¥ o MTH UHL LISTEN 23

STATUS V.2 ; 2@ IF BIT(S.,a>
THEN 3392 ELSE 34

DISP USIMG z@Se ;

SOTO =3

STATUS

3 (5Je]
I @ El=1 @
7

g
’

[

SE S=3POLL(723

ON IWNTR 7 GOTO 3420 ® ENRBL
E IHTR 7:8

TRIGGER ’23 @ RESUME 7

GOTO 341

OFF INTR v o ﬂTHTU“ .1 3 S
2 WAIT S86 @ S=SPOLL{VZ3

IF S=i THEN «449

ODISP "ILLEGAL SERVICE RERUE
ST" @ DISP "Urev ROUTINE"
Ei=1 & E@=1 ® GOTO 3580
COMTROL U$,b ; 1.8

ON TIMEQGUT ¢ GOTOD 3458 ® SE
T TIMEQUT 7:H2

TRANSFER 723 TO U$ FHS

OFF TIMEOUT 7 @ GOTD 3488
OFF TIMEQUT 7 ® OFF KEY# &
DISP USING 2813 ; @ DISP US
ING 2635 ; @ DISP "DMM"
El=1

GOTO 3566

DN ERROR GOTOD 3588

ENTER U#$ USING 3438 ; UV
IMAGE #.5D0.5De

GFF ERROR @ GOTO 3518

GFF ERROR ® DISP USING 3565

IMAGE "GARELE . BUS4DMM®
El=1 & GOTQ 3588

IF UF<255395@088 THEN 3533
ODISP “"3DMM OVLD®"

El=1 @ G070 3588

a=Ug+Uv

US=US+U¥~2

HEXT I&

Us=ug-19
UI=SuaR{US-UE~2%18>-3

ON TIMEOUT ¥ GOTO 3578 @ SE

T TIMEOQUT 7:H1

QUTPUT 723 :"KMBo™

OFF TIMEQUT 7 @ GOTO 3586
OFF TIMEQUT 7 @ Eil=1

GISP “BUS HANG-UP,Urevwy ROUT
INE"

RETURN

END ¢ GET_Urev

UBEROUTIHE ZET_SAMPLES
By

T e
T "J

“STHRT SCE wLT",

|¢(_'IC|

DIuP "FIHHL SCE MWLT™;

IHRFUT US

V=U5-U4 @& DB=SGHMIVY R VY=ABS3

D

IF VeUT THEN 324858

DISP "IMPROFER WALUES" & DI

P ® GOTO 3619

S=FLOORCIGEERV+ . 5) @ S=S\N&
& Ue=5-148

S=FLOOR{1IGOEKRU4+.5) @ U4=Se
laag

U¥=Uug

4]
[o4]
a

4]

s N

o F: 2T
TARDA@A OUS S

WG] el i)

i B et B B %5
[od = = 0T A0

Gt o] ed Ce] 1e)

=4 =J
[ Reh]

pogd)|

(SR

=g = = =

Ul fu 0
oAU

[SES RO

-

ol
[31]
a

~ =
Ty
L8 ]

(R

] Gl (n) Gl dal ek o}

[ R I R Rt B

RSN W R e |
@A AN

=

Mmoo

—

[N

AR

ol Vol (o d (o] Kk ia)
00 £0 00 00 0] 3
(A1 N NS o F s |

R e e GG )

[, e}

s Ll
oo

1)
=8

L]

(AL BT N RS WA N Ryl (]

Gl td ol ind (] €od (ol 51 (2

WD o 0 0p 00 0 (0 0
AR R A R 1)

O LD LS

£l U il 101

DS o g
LRI I SN
&3 oA ¥

Gl ] 0 ()

IMAGE "ADJUSTED END SCE PTS
:",:,:{b:.SD Na "WOLTe . s,

BY STEPS OF:",82.3D." voLT®

Ue=0DaxUs

UB=ld+ (NR - 1Y RUS

FRINT USING 3eed ; U4.US.U7

PRINT USING 36238 : U@

IMAGE "RC VLT:".2D.0.," wmV R
M.3."

RETUREN

END | SET_SAMPLES

{

i SUBROUTINE ECHOD

El1=0

a4 TIMEQUT ¥ GOTO 3I7¥35 ® SE

T TIMEOUT 7:H1

QUTRUT 717 "K"

OFF TIMECQUT ¥ @ ON TIMEQUT

T OGOTO 3758 @ SET TIMEQUTY 7

;M1 & GOTO 3748

OFF TIMEGUT 7 @ GOTO 3755

ENTER F17 ;i 87%

QFF TIHMEQUT 7 @ GOTOD 3I78S

QFF TIWEQUT 7 @ CLEAR @ BEE

P S.1d8a8a

DISP LISING z2@1S ; @ DISP "X

FFECHO TESTH®kwx®

Ei=1 @ 5aT0 3788

IF SEF=58FL"F"4FF4S9¢ THENM

3788

Ei=1 @ DISP USING 3IF7FS

IMAGE "ERROR IN SETTINGS®

RETURN

END ' ECHD

{

| SUEBROUTINE EXFLAIH_S

CLEAR & BEEF 5S.1884

"ILLESRL JEF‘ILE REQUE
IF E THEH 3315

S=SPoLLI7I?Py @
Et

IF S=8& ik S=Q THEN 3858

QISP C DI P "LLR METER"

DISP USING 3845 ; 18

IMAGE "“MOST SEVERE BIT ASSE
RTED 1IS%# ".D

IF E& THEN 3I8&
W1=5P0LL{723)
; El

IF Wi=@a
EH 38%9
GISP ® DISP "DMMY

FOR 18=3% TO 2 STEP -1

IF BITCUL,.IS8Y THEWH 3835
NENT 1I&

DISF USING 3845 ; 18
RETURH

END ! EXPLAIN_SRQ

I SIERAOUTIHE GET_FILE_HAME
CLEAR ® BEEF S,18068 ® DISP
"ENTER FILE HAME (5 CH HAX;

@
2 STATUS 7.1

(.,J e,

OR V1= OR Wi=U7? TH

OM ERROR GOTO 3239

INFUT F3F

UFF ERRDR @ GOTO 334a

OF+ ERROR

DISP “IMPIUT ERROR" & WAIT 3
@Eg @ GOTO 3218

ON ERROR GOTD 3355

REWIHD

OFF ERROR @ GOTO 3%&n

OFF ERROR & DISP “"NO CASSET
TE" w WRIT 5668 @ GOTD 331@



o
S
QO

W
(s ied]
[}

[V VRS B & Y Y |
L

W
w

FNAKN
-
LD 00
N

A
ra
1)
=

4Z83

4218
4213
4228
4225
42248
4233
4249

4245
4259

56

OH ERFOE GOTO 3875
CRERTE F9%,3,1432

OFF ERROR @ ASSIGN# 7 TO F9

$ B GOTO 4828

OFF ERROR

IMAGE "MAME IN CATALOGUE",
»"CHOOSE ANOGTHER"®

INHGE "HOT ENDUGH RODM TD ©C -

REATE", ,"A HEW FILE",~ ,"UZ
E AHOTHER THPE";/;"PHUSE"
IF ERRi=63Z THEH 48106

DISP USIMG 3285 ; @ BEEP 28
, 4860 '
PHUSE

5 GOTO I36a@

EEEP @ DISP USIHG 3388 ; @&
MAIT Zo5&d .

GOTO 3318

PRINT "FILE HNAME:-";F2¢
CLERR

B EETURH

END | GET_FILE.NAME
I .

| SUBRGUTIME GET_THPE
s=RES CUED

ON ERROR E0OTO 4165
REWIHD

FOR F3=1 70 3 |
I3=24F9-1 & I=I3+1

5 PRINT# 7,F9 ; H8.59.FB(F5)..

Ve, Uud, US. s, ug. ue
PRINT# 7 ; CBCF3S)
PRINTH 7 ;5 GBC(FS)
FOR Z=1 TD N8

5 PRIMT# 7 5 UCIZ,S5.UCI.S

CI3,8%,2(1,3),0CI3,8 D(I 5

»

MEXT 3

FOR &=1 TO HE&

PRINT# 7 ; SBCF9,53.20(F9,.5
2oDE(FS,ED

HEXT 5 .

FOR Z=1 T HE&

PRIMTH# 7 ; VS{IZ, 50,451,357
HEXT 3

FOR Z=1 T0 HE&

FRIWT# 7 : Y6iF9.,5)

HEXT 5 )

HEXT F32

OFF ERROR @ CLEAR @ DISP @

DISP "EMD TRAFE MRITE"

Ei=a @ GOTO 4173 )
OFF ERROR ® Ei=1 @ DISP USI
MG 4176

IMAGE -, "#ETAPE I~-0 ERROR¥X

RETURH o
EMD i GET_TRPE
SUBROUTIHE FRIHT_OATA
IMAGE “rFth#!", "Usce.y 19, /2
skt E.dea”
IMAGE 20,4."!".22.30." !".D
30, "It E0.0 '
IMAGE "Ft#!", "dllsce.yin, "3,
Zo.n 1&E,deat
FOR Fa=1 TO 3
FRIMT USING 4228 ; FBO(FS)
IMAGE -, "FREQUENCY:",30.0,"
EHz"
PRIMT ® PRINT “YALUES"
FOR I5=1 TQ 2
S=I9+2K(F9—1)
IF I9=i{ THEM PRIHT “FORUWARD
STROKE" ELSE PRINT "REYERS
E STROKE™ o
PRINT USING. 4195 ;
FOR I8=1 TO ME&

4233

4260
4265
4278

4273
4280
4233

42906
4285

4300

5]

43325
4344
4345
4350

43355
4360

43535
4378
4375
43580
4323
4396

43235
4400
4405
4418
4413
4420
4425
44320

4435
4440
4445
4450

4455
4460

4465

4470
4475
4486
4485
4498
4435
4340
4585
4518
4315
4526
4:9:
4530

4935
4545
4558
4555
45608

PRIMT USING 4280 ; I8.UCS.,I
E0.2(5,185.0405,18)

MEXT IS '

HE®T I3

FRIHT @ PRINT "STAMOARD DEY
IRTIONS"

PRIHT USIHG 42835

FoOR I&=1 TO NE

PRIMT USIMG 4288 ; .18,358(F3

2187, 20(F%,18),08(F9, I8}
HEXT 18

HEXT F2

FRIHNT ® PRIMT "DC BIARS VOLT
€ AND®" @ PRINT "GTHHDHRD DE
WIATIONS" :
PRIMT "FROM LEFT Tﬁ RIGHT I
H ORDER" £ FRINT “OF THE #AF
PEARIMG FRERQUENCIES® R PRIN

T .

PRIHT "THE YOLT3"

IMAGE "U4#1 T <) L Ea
IMAGE S5Z2.30,2¢"1",52.305
ForR I5=1 70 2

IF I2=1 THEM PRIMT “FORWHARD
STROKE" ELSE PRINT "EEVERS
E STROKE"

PRIHNT USIHG 4315

FOR I3=1 TO M@

o IS5 GOTO 4358:4369

PRIMNT USING 4328 ; Y5¢1,1I3>
NG, 18 ?;USCJ;I =]
GOTOD 4355

PRIHNT USIHG 43228 ; WS¢
SAMSC4, 123, UECE, 180
MEST I3

HERT 12

PRIMT "STAMDARD DEYIATIONS"
PRINT USIHG 4315 ;

FOR I3=1 TO N3

PRINT UZIHG 4328 ; Y&(1, IR
JMEC2,18),UsC3, 18)

HEXT I&

RETURH )

END ! PRINT.DATH

t

n

183

| SUBROUTIME PULL_ZCE

O KEY# 8."STOP® GOTO 4525
COMTROL U$,H9 ; 1.0

oW TIMEQUT 7 GOTO 4445 @ SE
T TIMEOUT 7iHZ .
TRANSFER 723 TO U#$ FHc

OFF TIMEQUT 7 @ GOTO 4460 -
GFF TIRFOUT 7 8 OFF EFEY# 0
OISk USIHG 2615 5 @ DIgPp 27
S90;@ DIZP 2838;@ El1=2

GOTO 4535 -

O EREOR G0OTO 4486

ENTER U$ USING 44?@ i Uy
IMAGE s50.50e

OFF EEROR @ GOQTO 4495

OFF ERROR 2 OFF KEY# @

DISP USIMG 2878 ; & El=2
GOTO 4530 )

IF U7<9993538860 THEN 4515
DIsP "#DMWM OWLOH

El=2

GOTD 4536

BS=U7

GDOTOD 4536

OFF KEY# 8 & Ei=3

ON KEY# &."STOP" GDTUVIBZE‘.'

% RETURM
END i PULL_SCE

! SUBROUTIHE EXPLAIHZ EPRDE:,

IF ERROM=8 THEH 43568
DISP USIHG 1155 ;
IF ERRSC=8 THEHM 4575




Jenihondn
0Dy =) =] M
[ R

R N U A N X

0 L0
LY ]
Pl )

4685
4518
4619
4628

4625
4538
4635

&4

4645
4650
4555
4650
4EE5

4578
4E73
$E88
4635
4699
4EI3
4783
4785

471@
4715
4726
4725
4736
473
4748
4745
4758

4753
e

=) iF3 T
bl

RNl y R sl

x

B b e [ BB
SRR R ORI ARSI N BN
[ R DR DA, BN 4]

[ et = () S

4378
4873
4326
4385
4593
4895
4388
4385

DISPE USIHG 4578 |

IMAGE "IMTERFACE ERROR™:
S=ERRH 2 WI1=ERRL

ODISP USIHG 94535 5:U1
IMAGE "ERRGR COOE IS:",30.¢
JUAT LINE#".40

RETURH

END | EXPLAIM_ERROE

!

!

! SUBROUTINE MULT_IT

IMAGE “NM".D

O TIMEOUT ¥ GOTO 4635 2 3E
T TIMEOUT ¥.HI1

QUTPUT 717 USIHG 4215 : I3
OFF TIMEQUT ¥ R GOTO 4&46
QFF TIMEOUT 7 R Eil=1 @ SOTO
Gind D

O KEW# 1.".81" GOSUBR 4588
& DN KET# 2.".1" GOSUER 470&
® ON KEY# 3,"1" ED3IUB 474D
RETUREN

ENB ! MULT_1T

|

! SUBROUTINE .81

OFF KEY# 1 ® OFF KEY#
FF KEY# 3

IG=1

! CALL MULT-IT

GOsUE ael@

RETURN

EHND ¢ .8l

1

>
i<
[

| SUBROUTINE .1

OFF KEVS | B DFF KEY# 2 @ 0
FF KEY# 2

I&=2

| CALL MULT_IT

GOSUE 451@

X
i<

RETURN

END I L1

|

! SUBRCGUTIME 1

OFF #EY# 1| © OFF KEY# 2 ® O
FF KEY# 3

1ﬁ=

bOCHLL MULT-.IT

GUZUE d4&1d

RETURN

END

i SURBROUTIHE RCRUIRE
b CRLL SET_FREQUEHCY
COSUR 42325

IF HOT El THEH 16(
El=2 & GOTO 4%

I CHLL ECHR

GasugE 371

IF HOT E1l THEH 4849
El=2 & GUTO 4324

REM This SR has the data

! reads brytz SRQ interrurt

I znabled

t CRLL STHRT_METERS

GOSUB 2178

IF Ei=1 THEN 42506 ELSE 4830

QFF IHTR 7

WRIT Sva

STRATUS 7.1
® Ui—uPULL(

! TRALL RERD_&_

GQSUE 2265

RETURN

END ¢ ACRQUIRE

1

| SUBROUTINE SET_FRERUENCY

El=F(F&2

ON TIMEDUT ? GOTO 43289 ® SE

POLLC?LV

568

(A I [¥:1

110
WX
o

)
P S 1§

Lo LA
—

[ [ =
L0 o

T TIMEDUT 7:H1

ODUTPUT 717 USING 4925 ; EI
QOFF TIMEQUT 7 @ GOTO 4948
DFF TIMEOUT 7 @ CLEAR & BEE
F:

IMAGE "F".zZ

DISP USIHG Z&15 ; © DISP US
ING 2825 ; ©& DISP USING 282
Ei=1 ® GOTO 4945
F$=UAL$(E1l> @ Ei=0

RETURN

END | SET_FREQUENCY

U OSUBROUTIHE POTEHSTIUSIAL

OFF EETH#

COHTREOL

QUTFLT U
IMAGE #,"S.C.E. .,

Ok TIMEQUT 7 GOTO
T TIMEOUT 7.H1

OQUTFUT 723 5 "NIZAMB10I"4U$
OFF TIMEOUT 7 & GOTO S@15

AFF IMTR 7 ® OFF TIMEOUT 7

@ OFF KEY# & ® OFF TIMERP# 1
@ OFF TIMER# 2 ® El=3

STHTUS Yol 5 5w S=RpPOLLIT23
. ® OISFE LS
THG 1 0 W DI FOYPOTENTIO
STRTY ® El—* WOonTD S23A

COHTRLL F.0 5 1.4
(RIS SUSTOPT CQOTO
M 02 GDTO S2a°

OH TIMheE# 1. HZ GOTO SHad
SEND 7 o MTH UHML LISTEH

STRTUS V.2 5@ IF BITC
THEH SES%S

OFF KEVH o ® HFF TIHEF# 1

ISP "OoMM HAMG UPY @ DIsSP M

POTEHSTIOETAT" ® El=Z

GOTO 2299

OFF TINER# |

STATUS T.1 & 3@ S=3POLL{F23

rn
1 Iy
|'7'|
1.1
hod)
)
in

GN INTR 7 GOTO S188 ® EMAEL
E INTR 7.3
TRIGGER 723 @ RESUME 7

GOTO S35
OFF INTR 7 & STATUS 7.1
E S=Sr0LLCT )
IF == THEH S13@

OFF RKEY# & & OFF TIMER# 1 @
OFF TIMER# 2 ® Ei=d

OISP "FOTENTIOSTAT®

EOTO S8

OH TIREAUT 7 GOTO 5148 @ SE

T TIMEQUT 7iHE

TRAMESFER . TO U$ FHS

OFF TIMEOUT 7 ® GOTO S166

OFF TIMEQUT 7 ® OFF KEY# 2

& OFF TIMERE® 1 @& OFF TIMER#

73]

STATUS 7.1 : S& S=SPOLLTET

DISP USIHG 2815 : @ DISP LS
ING ZEES : ¢ DISF “FOTEHTIO
STATY

El=2 ® SOTD S238

EMTER Us% U:lUu "0 ZF0et o U3




5198 GOSUR 53245
5125 IF E1l THEH 52635
S2a6 ON TIiveoUT ¥ GOTO 5215 @ ZE

T TIMEQUT ¥iHZ
TEEs Hl—”i Fedl & DUTPUT W UETIH
o 11 @ TRAHZFER W& T

i o;% YINEOUT T ow GOTo SEd
15 OFF YIHEOUT 7 ® OFF JEYH 3

B SEF YTHERe | ® OFF TINER#
' S=EPOLLE 2R

W ODIER L=
SF O OUFOTEHTIO

IMAGE §."EI". 2
oH TIMERE (.F2 GOTO S23580
BOTO S2d5

OFF TIMEE# 1

GOTO Sh4%

I EHMO HUHTIHNG LOOF '
OFF IHTR VO OFF TIMEDUIT ¥
2 OFF EEY# o @ HFF TIMER# |

IMEQUT 7

IIMEP# 1

299G O TIWEQUT ¥ G

TOYIRMEQUT F.HL

DUTFUT 722

OFF TI1delT 7

OFF TIMECGUT 7

IF £i1=1 THEHR i=z

ODISP USIHG 2815 .« @ Olsp L=

THE &aza o @ DISF “POTEHTIO

STAT"

IF Ei71 THER 5338

G4 bes @ "STOPY GOTOD 1525

¥ RETLUEH

FETLRH

EMD ! POTEMETIOZTAT

PSAlewmdildT IHE COMPLY

b OFF TIMER$ 2 0 Et=g @ O5=02
u.UiTlHt ¥ O TIMER# Z.0% COTO

FTIME @ Ol TIMER#S
FETIEH

OS5 GoTo

UFF TIMERS 2 @ El=1

5355 RETURM

maGa END 1 COMPLY

S41% | SUBROUTIME GET_STATES

5415 FOR Fa=1 TO 2

S4ZD H=ZiFS-1 @ I=5+1

5425 FOR 13=1 TD HE

54370 [3=HZ-1%

5435 :B(F*;IUJ ﬂBS(:'s,ISb—ch,I
FORCI

5440 09 I183=ABS¢0S, 18)-0¢1,1

5445 S8 I5)=ABSCULS. 18 -UCT, I
T

5458 VECFR, IB)=ABS(YS(5, [8)-N5¢]
L1302

5455 ME: g

S466 MEXT F&

5455
S476
5475
5488

54835 D=
FOR I4=

5425
S495
55808
555
5518
5510
5524
3525

RETUREM
EHD |
!

i SUBR
a=07

IF C&
I CALL
GOSUE
IF El
HEXT 1
RETURH
END !

GET_STHRTS
OUTINE VERMIER_FULSE

1 To D4

THEN 5526 :
FOTEHTIOSTAT

4250

THEM 5528

4

VERMNIER_PULSE




TWO ELECTRODE SYSTEM
BASIC LISTING
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INTERNAL DOCUMENTATION
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=& G

ot

538
1538
1688
161@
1626
1638
164B
1558
1568

= = N 7
T 7 4 ) 1

S o=

AOUMITTAHCESECAPACITANCES
HI RESOLUTIOH CLOR?
FRODUCTION UHIT

INTERMAL DOCUMEMTARTION
FOR FPROG Z&F OHLY
FILE:Z8d

UPOATED MHAY 2D-84
EANDOMIZING MENU FRERQLU-
ENCIES

NEEDS 32K RAM

EXTRA RELAX TIMNE RFTER
FREQUEMNZY SWITCHING
EEFORE THE MEHU.MERSURES
Urew AND IT5 STAMDARD
DEVIATION

DOUBLE LINERR RAMP %
IMFEDANCE ACRUISITION
WITH HP#4274 LCR METER
ANO AP#3I478R DM
FOLLOWED BY THPE STORAGE
OF THE DATH

>FOR ELECTROLYTIC CELLSK
SOME KEYBORRED INPUTS FOE
DRTA USED BY THE PROCES-
SO0F WILL BE RASKEDR

HFTER THE CHOICE QOF THE
FREGUEMCY MEHU.THE USER
IS INVITED TO INPUT

A PERMUTATION OF 1.2.3
CINCLUDING REPETITONS?
THIS WILL HAYE THIS EF-
FECT OF ALTERING THE
SEGQUENCE OF THE FREQUEN-
CIES AND-OR OF INTRODU-
DING REFETITIOHNS

THIS FERTURE CAN BE TUR-
NED OFF OR ON BY SETTING
OR CLERRING FLRAG RS AT
THE 3TART 0OF MAIH

CHOICE OF TWO SCAN
RATES:FAST: 37 mWsmin

AND SLOW: 139 mVsmin
EREFNRNIRDARINN NIRRT EER
JERAN LEDUCACHNMET-MZL
PRV REANANERRNNNN RN,

IN MAIN
#1:IN RCRUIRE BLOCK:
WILL DECLRRE MTR
ACKNOWLEDGE TIMEGQGUT
FRIOR TO QRDERIHG
THE GROUP EXRECUTE
TRICGER CUOMMAHMD.
THIS IS A FATAL RUN
TIME ERROR:THE PRO-
GRAM IS TERMINATED
#2:RAMP LOOP;CONTROLS
0C BIRS UPDRTE
#3: CONTROLS THE SAMPLING
PERIOD
SUERDUTIMES
GET_STRTS

#1:53AME FUNCTION RS IH
MHAIN
#2:HAS R PERIOD OF 3d

SEC.CONTROLS SAM-
FLING OF 18 VALUES
OF IMPEDANCES IN OR-
DER TO GET THE STAN-
DARD DEVIATIONS
SET_VOLTS
#2:SAME AS IN MRAIN
GET_RELAXED
#2:5SAME RS IN MAIN
ALL PROGRAM:
TIMEOQUT 7

=
1

g
Q
a
1
3
4
S

IROIDEODO

(] P DG 00
AR AR AR AR

pa
-
2
=
<
s
3
l
3
b
4
3

2348@
2258
23266
23706
23g8
2338
z2488
2418
=428
24308
2448
2456
2458
zZ47B
2488
2438
25a8
51
2528

2534

INTERFACE TIMER:GIVES

UFS FOR FORMRTTED I-0

UNFORMATTED I-B
(HP-33 ws LCR & DMM)

GRAM TERMIMATES

THERE IS AN EWCEFTION:
IN SR CHECK_DC.THE SE-
COND TIMEOUT INDICRTES
THRT THE OPERATOR HAS
TO PUT THE DC BIRS

IN ITS PROPER POSITION.
F WARNING IS ISSUED AND
UPON RECTIFICRATIOM, THE
PROGRAM RESUMES.

REM END TIMERS

R R R R R R R R R AR A R R R R R R R R

REM END-0OF-LINE BRANCHES

¢ RERQUEST FOR SERVILE
IHTERRUPT <EYTE 22
THISZ CAH MERH EITHER
ORTAH RERDY CSERIAL POLL
EVYTE &35» OR MALFUMCTIONM
IN THE LATTER CHSE.THE
FROGRAM IS TERMINRTED

!
1

|

!

!

]

!

! THE ERROR BRHANCH

! IN MAIN.AT THE START.

! A HARDWARE SELF TEST IS
! MAOE OF THE INTERFRCE.

! FRILURE QF THE TEST IS
! A FATAL RUWM TIME ERROR
! AHD TERMIMATES THE PRO-
! GRAM

! ALSO CONTINUES TO MONI-
VTOR THIS SITURTION

I THROUGHOUT THE PROGRAM
i

1

i

1

1

i

!

]

i

1

i

}

IM MAIM CACRUIRE BLOCK>.

CHECKZ THE RLIGHMENT UOF
THE I~-0 BUFFER AGRINST

I METERS FOEMAT SPECS

REM It was {found that
pick—ur could zeverely
manale the throushrPut
to the I<0 buffer from
the LCR meter HASCII
Queues

FEM HAn identical test is
made when the LCE meter
monitor ASCII queues is
accessed byY means of

=tring losic (SR GET_RAC:
In SR GET_STATS.both LCE

1

|

1

I

i

met2r ASCII aueues are
I accessed.and an iden—
tical test is made

I Thiz holds for the DM
ASCII queue as well.

I TF THIZ MISALIGNMENT

V' OCCURS.THIS IS 8/ FRATAL
I RUN TIME ERROR RAND THE
I PROGRAM IS TERMINRTED
i

| ERROR BRANCH IN THPE

I HAWDLERS:

I SR GET_FILE_HNRME

' THAT ERANCH RLLOKWS

! EECOYWERY FROM THRFE

! EREORS SULCH HS:

{ WO CHSSETTE. IDEMTIFIER

TOTHL PROTECTION RAGAINST
CRASHES DUE TO BUS HANG-

AND FIRST HAMDSHRKE PRO-
TECTION RGHINST SAME FOR

THESE TIMEOQUTS RARE FRTAL
RUM TIME ERRORS:THE PRO-

FIDXDDIDIIDFLIVINION>
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2 ) PP
Cod P = A0 00
gD R oo

X
I

A
2
32
=
-t
=
=
~
=
-t
=
=
=z
ot

2284

32498

3789

64

i\ CONFLICT.THPE FULL.etc

! SR GET_.THFE:HERE A TAPE
! ERRUOR I2 A FATAL -RUM TI-
! ME ERROR AMD THE PROGEAM
! IS TERMIMNRTED

! 4444444444444444444444‘4
REM EHWD EMD-OF-LIME

! $$$£$$$$$S$$$$$$$$$$$$$f
REM THPE THROUGHPUT

! A FILE MAME IS ASKED AS
AS KBD IMPUT.THIS FILE
NAME WILL BE THE IDENTI-
FIER OF THE OUPUT FILE
THE FILE HAS 2 LOGICAL
RECORDS 0OF 21¢8 BYTES:
EACH; THIS CORRESPONDS

TO 2 PRU'S.

THIS GIVES A TOTAL OF 27
i PRU'S (59512 BYTES)

REM FOR THE FORMAT DETARIL.
REM SEE THE CODE IN FILE
REM Z&

I 3355535553839 5858555555%
RE#M EHD TAPE THROUGHPUT
orrbrrrrrrrren g

REH YARS

F9%: OUTPFUT FILE HAME

Ug,U9:REVERSIELE FOTEN-

TIRL AND ITS STAMDARD

DEVIATION, RESPECTIVELY,

IN VOLT

Ui, U2:VOLTAGE LIMITS
RAMP ¢WE-CEY, VLT

09 : THE SIGMUM OF
THEIR DIFFEREMCE

u3: SINCE U1 & UZ ARE
ESTIMATES, THIS
STORES THE REMOTE
CODES OF DC BIAS
AT THE START AND
THE EMD GF EACH
STROKE. FOR EHRCH
HEMU ITEM ‘

G e b o G b g

I

i

]

I

i

1

!

i

i

1

i

1

1

i

1

i

! 1:3;1:21ARRAY OF
i LONG REAL

I Uv,V: SCRATCH VARS

I Ug: INSTANTANEQUS DC
: EIRS, (HE-CE2.WLT
[ Uzoe (0O CULTH:
i £1:2:1:423 AREAY
! OF LOHG- RERL
LI=As STRHODARD OEYW OF

! ABOVE, YLT

! Rg:  RPAMP COURSE COR-
i RECTIOH THLLY

| U%.Y3%,2%: 1.0 BEUFFERS

I 33%,584,F%:SETTINGS

! YARS o
1 yg: AC VLT, mbWR .M. S,
I I8%: HSCII VALUE OF

! AC OSCILLATOR

! LEVEL MULTIFLIER;
i OUTPUTTED BY 2R

! GET_ALC AHMD USED

! AS C(PARTIALX INPUT
! EY SR ECHO

! MODULI OF

! THE IMPEDAMCES, -
i £1:2;1:427 ARRAY
! OF LOHG REAL

(I PHASE <(DEG» OF

! THE IMPEDAMCES:

! E£1:2;1:423 ARRAY
! OF LOHG REAL

1
i
i

N ]

Z8,08:5T0. DEY. OF ABOWE
GUANTITIES
03 . IF 2+ FALLS

B

L
o

[ F S R
[V RN

) ?"—'u_j
34680
3410
2420
2438
2440
24508
Z469
2470
Z438

kN
[Xs]
)

4y |
=
Do

SN N ES B RAN |

cniiann

el o

E
[ux}

25509

2850
2850
3879
2880
3a98
2200
3819
3028
2935
2940
29509
2960
2970
2920
2950
4800
$E16
4E20
L1 E1s]
444
4650
4858
4674

1
I
i
i
i
I
|
|
]
|
I
I
i
i
]
i
I
I
i
I
|
]
I
I
I
1
i
{
i
|
i
I
!
|
!
H
I
1
|
i
1
I
I
|
i
i
|
I
1
|
i
!
i
1
I
i
]
i
i
{
i
i
I
!
|
1
|
|
i

BEELOW THIS
YALUE, THIS
WILL PE THVEH
‘S H SIGH OF
MASSIVE COR-
ROSIOM: THIS
IS A FATAL
UM TIHME
ERROR
CH,50:PARALLEL COR-
RECTIOHS FOR DHMH
LOADIHG
C&:CAPACITAMCE, nF;
58 :COHDUCTAKNCE . nS
BOTH:L1:33ARRAYS
OF LOMG REAL

£9: SAMPLING PERIDD,
mSEC
F3: HOMIHAL RAMF
- PERIDD.mSEC
R HOMIMAL ZCHAH RATE.
msmin
= EHMF FERIOD.COR-.

RECTED FOR RAMP
PULSE WIDTH.wm5ZEC
3 STROKE COUNTER
g: SAMFLING COUNTER
g MEHD COUNTER
MEHU VECTOR:
C1:323 ARRAY OF
INTEGER
a5 : MENU ORDERING YEC-
TGR;E1:33 ARRAY
OF IMTEGER
Fo: ACTUAL FREQUENCIES
CORRESPOMDING TO
THE MEMU VECTOR,
KH=:
E£1:23 ARRAY OF
LONG REAL
HUM. FTS/STROKE
INTERFACE AND-OR
LCR METER REGISTER
DECIMAL WALUE
V1 oMM REGISTER,DECI-
MAL YALUE
Ei,C,E@®:FLAGS
T4: RAMP TIMEOMT,SEC
03 : INTERMENU RELAXA-
TION PERIOO,min
I BOOLEAM: IF THE
WAITING PERIOD
IS LESS THAM 26
MIMUTES,SET TO
TRUE
WS : FOR W@ FALSE.NUN-
EER (INTEGERY OF
TIMES THAT DS GOES
INTO 26.MINUTES
nv: IF W® TRUE:=D9
ELSE REMAIMNDER
OF 03 MOOULO 26
HIHUTES
P3: MUM OF COMDITIO-
HING CYCLES BEFORE
- THAT -PARTICULAR
RUHN
P3: CUMULATIVE MUMBER
oF CUHDITIOHING
CYCLES -

nwx
o O

REM EHD #ARS

S T T O T T T T T O T T O O A O

REM COHSTAHTS:

i
!
{

1,51 :PARALLEL CORREC-~
FOR DHHM .COAY LOADING:
C1:CAPACITANMCE. nF
G1:CONDUCTANCE., nE




4a38 LET Cl= 148
4698 LET Gl=8
4188 LET NB9=42 ! BARSIC HARRAY
4119 DIMENSICN
2E D Vol INCREMENT
T ! RAMP PULSE

WIDTH, SEC
ORATAR ROY EBYTE
BOTH FOR THE
oMM & LCR ME-
TER:3ERIAL RE-
GISTER MASKED
SZIMNILAR FOR THE
OMM, BUT WITH
UNMASKED SERI-
AL POLL REGIS-
TER
A1=3&@8 ! FORMATTED I~0

TIMECUT.mSEC
Hz=58 | UNFORMATTED
I<O0TIMEQUT,
mSEC
H3=268 ! GROUF EXECUTE
TRIGGER
MTA ACKMOW-
LEDGE
TIMEDUT.mIEC
Ha=g8% | DMM SELF-TEST
TIMEQUT . mSEC
F=.882 | CPU STACK
PUSH-PLILL DOE-
LAY . SEC
HS=26 ! MAXIMUM

ARGUMENT OF

'HRIT' IN

MINUTES
NETARNTS
11

LT I G VR R SN R R R
D) PO PATQ e b= = s s
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BARE CODE
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MAIN
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18R | ADMITTAMCESECARPACITANCES

1885 | HI RESOLUTION (LCR?»

i@ta + FILE: ﬂ%————FULL SYSTEH

t@ts t TES TED FEE 29

1828 1 MAIHTEMANCE 1H“s3x84

1825 | SLOMW FREBUENCY MENU

i@3n | DOCURENTS THE CUMUOLATIVE

1835 | HUMBER 0OF COMOITIONHING

1Rad4a | PHRSSES

iad4s5 1 CHOICE OF SCAN RATES:

1858 1 3V miésmin DR 13 mir/min

1A55 | PRODUCTION UMIT:

i@E® REM FOR FURTHER DOCUNMEN-

1865 | TRTION.3EE FILE 2&d

1ava 1 EX TRH MAIT EBEFORE Urewv

1a7s5 | 2¥ EEEREREER IR

1889 1 IEHN LEDUL!CHHMET EMR~/MSL
1 ! CHOICE UOF SCAN RATES

1335 ! ¥ B HRAFLRAREN

1a%a

1828 nPTInN BASE 1

1188 SHORT R.D. TS, 59.R9.DA,HL . HE

JH3I,H4L,HS  RE. VB, V., RB.P,D3.D

TaRES

1185 REAL U1,UZ,T4,U8.UF7,20,08,5
A, U803, 02,01.G1

1118 INTEGER O0O3{33,F(32.19.5,13,
HB. QN5 FR.E1.C.,R3.E@, V1,57
ST NEL WS, P“ pa

1115 bOinm 34 OC2. 425, 02,422

HECE, 22, FACE L CBC3 2, G830

1128 DIH USL19d1. UFC217. 280427, C8
31, 53%C130.FSE2T, 57%C253.
IS$01]

1125 DI FISCS]

1176 IOBUFFER V¢

1135 IORUFFER U¥

1148 IOBUFFER Z#

1145 © pvihpirepribrrirbnvei it

1158 ¢ BEGIH PMAIN

1155 CLEAR @ DISP USIHNG 12958

1166 IF ERROM=8 THEHN 1186

11685 DISP USING 117G ;

1178 IMAGE "I-0 ROM ERROR".~."ER®
EHBUORTREE"

1175 GOTO Z44@

1188 ON ERROR GOTD 1135

1185 RESET 7

1138 0OFF ERROR ® GOTO 1214

1195 OFF ERROR @ DISF USIHG 1268

i @ GOTO 2441
1288 IMAGE "INTERFACE FRAILSZ SELF
DIAGHOSIS™, v, "EGREABORTRER"
1285 EHABLE KEO 33

1218 NB=4z @ D=.681 @& T9=.111
RE=1500 @ Q=55 ® U¥=1 & Hil=
H3=2€8 & Hd4=35

R R3=37

MEHNL
FE=a ] 1 NDT RAHDOM
PRINT USIHG 1258
% WARIT 1aend
IMAGE "ADMITTANCESHHIRCAPAC
ITANCES"Y, « . "CONDITIQHING",~
< “RATES"
! CALL GET_FILE_HAME
s05UB 4733
ENARELE KBOD 32
ABORTID ¥ R REMOTE 717,72
@ LOCAL Lackout ¥
I CALL CHECK_DC
GOSUE 33&%
IF E1l THEN 2388

[ R W A |

=T gy in

1z
1z
12
12

-
PP [0
(e |
D& Dol

Y ol e
08 el G [ IO
e AV RN el
N

s

Ty

[ S S .
= =) T
o

.t fot

o b e e e s e
Nonenonanin b o e b
[N VR i S RN s

.
&) AR R I

[
)

I CALL GET_RATE

GUZUE 3588

RO=RE-TO¥10806

CLERR

oW TIMEOUT 7 GUTO 1323 @ SE
T TIMEOUT ¥iHL

DQUTPUT 723 "FLRBNST3Z1D1®
OFF TIMEQGUT 7 @ GOTO 13328
OFF TIMEQUT 7 @ DISP “TIWMED
UT.DMM SETTING" @ GOTO 23&@
CLEAR ® DISP "INTERMEMU REL
AXATION TIME.min";

ENABLE KBD 1

INPUT D%

WNB=Da<=HS3

IF W@ THEN 137V@

W3=D3\HS.

OV¥=HS¥FF (O3 -HS

HS=HSkc08ns @ GUTU 1375
o¥=na3

Dy=0vic0BBa R D9=09%68R01
CLEAR ® DOISF USIMNG 13285 ; D
/588618

IMAGE "Urev:PRELIMINARY REL
AXATION: =", ~,38,20.0.," min"
I CALL WRAIT_A_NHILE

GISUR S31S

DI5SP "“Urew + STD. DEW™ 2 DI
SF "Smin®

ON TIMEOUT ¥ GOTO 1428 @ 35E,
T TIMEOUT 7:H1

OUTPUT F17 ‘“Ii"

OFF TIMEGUT ¥ ® GOTD 1438
OFF TIMEQUT 7 @ DISP “"DMM H
ANG-UF, SETTINGS™

GOTO 2338

! CALL GET_STATS

GOSUB 3588

ON E1 GOTO 1445,22583,2380.2
z15

U23=38 @ Us=Ui.2)

FRINT USING 1435 : UB.U2
IMAGE "Urewv=",S0.3D," +-,- *
s 50.30.37

OH TidEQLT F G070 1475 & SE
T TIMEQUT TaiH1

QUTRUT SUTL

UFF TIMEGURT ¥ @ GOTO 1488
OFF TIMEQUT ¥ & DISP "TIMEQ
UT. DMK SETTIHGE" @ GOTO 288
5]

ENABLE KEBD 23

TOCALL SET-_WOLTS

GO3UB 4835

OH E1 GOTO 13588, 233a, 2238
EHABLE KEBD 22

! CALL GET_-AC

Z03UB 35485

IF Ei1 THEN 233208
I3F=UALECIES

ENABLE KED @&

i CALL SET_SAMPLES

GUsSUR 4348

EHABLE KBD 22

! CALL GET_FREQUENCY

LOsUB 2855

REM SETTIHNGS

ON TIMEOUT 7 GOTO 13575 @ SE
T TIMEQUT 7;HL

QUTPUT 717 :"R4BIC2DBHIRZ1S
‘h it

DFF TIMEDUT ¥ @ GO0TOD 1535

57% OFF TIMEQUT ©

CLEAR @ BEEP 5.18588

DISP USING 2385 ; ® DISP UR
IHG 2318 ; @ DISP USING 231
5 ; @ GUTO 2334



72

1556
1595

1664
16685
118
16195
1628
1625
1638
1635
1646

1643
1658
1655
16549
1565
1679
1679
16209
1685
1639

=]t

(R
AN )
[ |

-
=1
-
hx]

b s
~J =
[ =
@

e e
B N B
A GG
o e

s
b B RS |
oy LA
R ]

o
=J
()3
a

et el S
o RN R BN N N
S QA QLD s
S UL

ey
[z
[\x]
]

‘EMABLE KBD

S GOSUE 2

Lol

RER ,59%:FOR ECHO TEST

S$8$=" A4B1C2DA" @ S9¢="HI1Il

N"’IJ$a"P¢1oBT3"
IMAGE "EI", 52D

EHABLE KED 72‘
CLEAE

OoH KEY# . u;"“TUF"

KEY LABEL

DISF USIHG.1258

DISP USIHG 1648 i DIreBoBa

FRIMT USIHG 1648 ; DO9-608R2
IMAGE “FRE HEHU PELL RELAXA
TIOW™, ».,2D.0." min"
! CALL MWARIT_R_WHILE

z0SUB 5215

E&=6 & Ua=U1-D

23

| CRLL GET_RELAXED

GOSUBR 5368

IF Ef THENM Z3&0

EMABLE KBD 22

| ARURRLCEEERESES

I MENU LOOF

FOR Fz=1 TO 2

FEINT

CLERE ® KEY LABEL ® [OISF
IHG 1238

BEEF S,19083 @ MAIT 30808 @ C

LEAR

El=F{F5>

OM TIMEOQOUT 7 GOTO 17325 & =

T TIMEOUT 7iH1

QUTFUT 717 USIHG 1748 ; E1l

OFF TIMEOUT v & GQTO 1755

OFF TIMEOUT ? ® CLERR @ BEE

FI

IMRGE “F".2D
ODISF USING 232685 ;
Ihu 2313 ;

llull

GOTD 2215
2 DISF

115

® DISF US
© DISF USING 231

DIaP
HEA

IHHhE

UbINF 1?63 i F3.,09-600
“HEHU ITEH#".0,7, "REL
y20.0," min®

! PHLL NHIT R_WHILE

cGsUe S215

FF=URLS$L{E1)

! CALL ECHO

GO3UE 4688

IF E1 THEHN 23&@

CLERE @ DISF USING 1885 ; F
S.Fa(Fs)

IMARGE "FRE® #",D,X,3D.D." K
Hz".,#,"S5TD. DEV.'S", ,"9 mi
I CALL GET_STATS

558

ON E1 GOTO 1825,2258.,2380.2
215

FRIWT USING 1330 ; F9,FB(F3
’

IMAGE ~,"MEHU ITEM#:",D.," F
REG-",30.0." KHz",~

FRIMT USIHG 1248 ; Z0,00
IMAGE "3700. DEW. Lr/Z2/0=",2D
.30e." Q",/,"STD. DEY. L[B1=
")D.DI" dh‘q‘l

D3=Z{1,23,5

FRINT USING 1855 ; 032

IMAGE "MIN ~Z~- FOR CORROSIO
M ABGRT:",~,D0.2D02," Q"
FRINT USIHG 1865 ; SO

iMAGE "STD. DEV. LUsceld=",Z
.30, voLT®
STRTUS 7.1

[y
[ LY s

2165
211m
2115
2126
2125

21309

2125
2148
2145

2158
:.1~.lJ
21668
2165
2179
2175
2128
z185
2199

3 B W1=SFOLLC?23)

| STROKE COUNT LOOF

| $S5E5ESSEE5ESSSSEEFEEELS
FOR I9=1 TO 2

RE=8

UZCF3, 15 =18

CLEGR :
UOSAMFLING LOOR
| BREYERARREERERERRRERREEED
FOR 1&=1 70O ME
ON IMTR 7 G0TO
E IHMTR V:i&

aH ERROR SOTO
IF I&=1 THEHW 2
' RAMP LOOP

! Lc(x’.-l}'«’:ci"..‘vifw.f.)u}y uu.;v..x .'.7:
OFF TIHER# 2

OH TIMEQUT F GOTO 1978 @
T TIMEOUT YiH2
Ug=Ua+0O # OUTFUT

Wi USIHG
3565 ; U@ @ TRAMSFER V$ TO
17 FHS

OFF TIWEOUT 7
IMAGE #."BI".,S
UFF IMTR 7 @

2 UFF KET# =

ODISP USING 23
IMHG 2336 i &
5 ; B GOTO 238

O TIMER# 2.RS GOTO
GOTO 1585

I EHO RAMF LOOF

! '}Auguu;('x;cf;c&&ﬁeuu&&‘c &&&&&E&
I ACRUIRE BLOCK

[V EEE PSS EEEEER PSSP &4

OFF TIMER#% 2 ® OFF TIMER#% 2
@ ZETTIWE ©,317

REM Thi=z SR has
I readr b»te SRE
U oaznabiled

I CALL 3TRART_METERS

GOSUE 2468

OH El GOTD 2048.2380,2215
OFF INTE ¥V & SETTIME 8,317
STATUS 7.1 i S® S=3POLL(?1?
v @ WI=SPOLL(?23)

I CRALL RERD_%_CHECK

GOSUE 25595

oW E1 GOTO 2ZB7H,2330.2215.
236

I CHLL SHOW_DATAH

GOsSUe 27V38

! CALL WERMIER_FULSE

COSUE 2775

OH Eif GOTO 2095,2328,2215

aM TIHMER# 2,29 GOTO 2206.

! EHD ACRUIRE

(I ¥ FSPE LS T ST S EPF S S P S b D

“t:.'\l I8

| CEERRARENRRRPRRERIECEERRER
I ENG SAMPLINMG LOOP

OFF ERRDR @ OFF INTR 7 @ OF

F TIMERE# 2 @ OFF TIMER# 2

CLEAR ® DISP "ENDO STROKE®" 2
EEEF $.20006

O=--D ® [O8=-08

WRIT 33

HE®T 1%

! EMD STREOKE COUHT LOOF

P S35 35555$555553F5555$5¢
I CHLL GET_THFE

GOsSUB 43235

IF E1 THEN 23289

! CALL PRIMT_DRTH

ZOSUBR 5859

HEXAT F2

! EHD MEMU LOOF

135

Z24m @ EMRBL

SE

ENES

E GOTO 1538
B 1 IIJI i
TIMEQUT 7
FF TIMER#
5 i ® DISF U
1ISF USIHG 23
=]

[

||_||X|ra

"]

1945

the data
interrupt’

T




2185 | EEFENENEENSENERENNOREIESE 2385 IMRGE "BUS HANG-UP IN"
2280 REM :MNORMARL ESCAPE 2318 IMAGE "FORMHATTED WRITE.,"
2265 OFF ERROR @ OFF INTR 7 @ OF 2313 IMAGE "INITIAL.SETTINGS®
F TIMEQUT ¥ @ OFF KEY# 8 © 2328 IMAGE "DC BIRS STRTUS CHECK
OFF TIMER# & @ OFF TIMER# 2 "

C.El=8 @ $0TO 2358 2325 IMAGE "IMITIAL DC BIAS CODE
REM KEY#& ESCAPE "

OFF ERROR @ QFF INTR ? & OF 2330 IMAGE "UMFORMATTED WRITE,"

F TIMEGUT ¥ @ OFF KEY# & @ 2335 IMAGE "RHMP LOOP"

OFF TIMER# & @ OFF TIMER# 3 2348 IMAGE "GRP EXEC TRIG".,~,"MT

C=1 ® GOTO 23&8 A ACK TIMEGUT"

REM :ILLEGAL SR® ESCRPE 2345 IMAGE "UNFORMATTED RERD,"

t QUTSIDE OF RACQUISITION 2258 IMAGE "ACRUIRE BLAOCK"

JFF ERROR & OFF INTR 7 @ OF 2333 IMAGE "INTERCRLRTED PULSE*

F TIMEQUT 7 B OFF KEY# & ®© 2368 IMAGE "IMTERFACE GRARBLE."

QFF TIMER# 2 ® OFF TIMER# 3 2365 IMAGE "OVER- OR UNDER-FLOWN,
22435 STRTUS 7.1

S® $=SPOLLK?LIF LCR", «, "MAIN MEMORY™"

b 78 A
I CALL EXPLAIN_SRQ 7o REM END EREOR MESSAGES
GOSUE 4odS &8 REM :COM ESCAPE POINT
C=1 @ GOTD =334 2283 RESIGHH 7 To %
REM ERROR ESCHFPE 2398 LISP “TERMIMATE" ® EEEP
OFF ERROR @ OFF INTR 7 R QOF 239% STRTUS 7.1 . S8 S=SPOLLCTFIF
F TIMEQUT 7 ® OFF KEY# 8 ® YR OUI=SPOLLIFEI)
OFF TIMER# 2 @ OFF TIMER¥ 3 Z4aa OUTPUT VIT i "BIGBEDEARVIG"
2273 STATUS 7.1 ; S@ S=SPOLLK?iI? 2485 JQUTPUT FE3 ;"EMEa”
p 24160 OISF USIHG 2415
22868 ! tRLL EXPLAIN_ERROR 2415 IMAGE "DON'T FORGET TD SWIT
2285 GUOSUE 3238 CH QFF", -, "THE 0OC EBIAS SWIT
2238 C=1 @ GOTO =383 CH BEFORE", ., "REMOWING THE
2295 REM ERROR MESSAGES CELL"
2388 1] 444444 2429 LOGCAL v ® ABORTIO 7
2425 BEEF & OISF “END OF" 2 DISP
USING 1258 ;
2438 DISF USING 2435
2433 IMAGE "THE PROCESSOR FILE H

AME IS:",~ ,188,"Z5RC¥"
2448 END | MAIN






SUBROUTINES

75






s458 | SUBROUTINE START_METERS 36 | SUBRGUTIME SHOW_DATA
2485 Ei=1 ‘735 IF RMOCIS-1.14)#@8 THEM 2758
247R OH KEYH# @, "STOP" G0TO 2535 "4G CLEFRR © DISF USING 2745
2475 OH TIMER# 1.H3 GOTO 2436 45 IMAGE "F1"."Si","pt#i". "Usc
2430 SEND ? . MTR UHL LISTEM 1F, B W ML AT 0 18, deat

23 759 DISP USING 2755 ; F9,19,13,
2435 STATUS | B UE19,183,2¢19.18),0¢19,18)

THEN 2485 ELSE ZS&C 2755 IMAGE 2¢0,"1"),20,X,"1",52.
2498 OFF ERROR @ OFF INTR 7 @ OF 30.% i".0.30e."!",30.0

F KEY# & @ 0FF TIMER# 1 2758 RETURN
2495 DISP USING 2348 ; @ El=2 @ 2755 END | SHOW_DATH

GUTOD Z54@ 2775 | SUBROUTIME VERMIER_FULSE
2583 OFF TIMER# 1 ® STATUS 7.1 2730 El=1 ® OM KEY# 2. "STOP" GOT

3@ _S=SPOLLI7LVY @ Wi=SPaLL 0 zeIe

7230 STES T4=TIME ® T4=T4+Ta+p
2535 OFF INTR 7 & 0N INTR 7 GOTO 279D Td4=TakiBIA+RE & RE=FF(T4) @

2845 Y=FLOORCT42 7R3
2518 TRIGGER 717.723 ® RESUME 7 2795 IF W4l THEM 2835
515 WAIT 108G Ue=Ug-+oaxlls1gau

°525 REM The RETURMN to avoid “3@5 ON TIMEOUT 7 GOTD 28&84& ® SE
2525 REM tiwming rproblem T TIMEQUT F.H2

2536 ENABLE IMTR 7:3 @ ON KEV# 8 2318 GUTPRUT V¥ USIMNG 1985 5 Uw ®
(HETOPT GATO 2215 @ RETURN TRANSFER W4 TO F17F FHS
2533 UFF INTR 7 @ OFF KEY# & ® E 2215 OFF TIMEQUT V & Ug=ua+D & G

=3 oTO 2335
IS OFF TIMEQOQUT ¥ ® OFF KEY# S

2545 END ! START_METERS Ei=2 @® GOTO 2848

555 | SUBRUUWUTIHE READ ?FF TIHEOUTT: @qEFF KEY# 2
Z5E@ El=1 & OM KEY# 2. T El=2 B GOTO 2844
= : oM KEY#H# &,"STOP" QOTO 2215

2555 1 ) Wi=UT RETURH
S57h OFF KEYH © & El=4 ENO ! WERNIER PULSE
GOTO 2715 l ZUEROUTIME GET_ FPEUHEHI\
257 i TALL PULL_SCE O KEY# 1."A" GOQTo
2580 GOSUB 5125 H KEY# 2."B" GOTO ;-
2595 IF Ei»i THEM 2715 KEY# 3,"C" GOTO 296
2598 CONTROL Z%,5 ;5 1.8 CH OKEY# 4,"G" GOTO
2595 aM TIMEOQUT 7 GOTO 2Z&le @ SE &7 CLEAR © DISP USING
T TIMEOUT FiH2 DISF USIHG 2886
26B@ TRANSFER 71Iv TO 2% FHE . BEL
2605 OFF TIMEQUT 7 @ 50T0O 2625 2275 IMAGE "FRERQUENCY MEMUS®
26168 OFF TIMEOUT 7 B OFF KEY# & Zgf@ IMAGE "A: .2.2.28 KHz".,~."B:
2615 DISP USING 2385 ; @ DISP US a4, 4B KHZ", 2, C: 1. 18, 199
ING 2345 ; © DISP USING 235 _ hH*':Ji“D 441,82 KH=®
S R85 GOTO 2835
262B El=2 ® GOTo 2715 2390 OFF KEY# 1 @ OFF KEY# 2 2 D
2625 OM ERROR GOTO 2645 FF KEY# 3 ® OFF KEY# 4 @ RE
2630 ENTER Z3% USIMG 2635 ; Z(I9, STOURE 2215 @ Eil=1 ® GOTQ 29
15,0009, 13 35
2635 IMAGE #,6K.0.50e,3X. 20.50e 2895 OFF KEY# 1 @ OFF KEY# 2 @ O
2648 OFF ERROR B GOTO 2564 FF KEV# & @ OFF KEY# 4 @ RE
2645 OFF ERROR ® OFF KEY# 2 STORE 29228 © El=2 ® GOTO 29
2658 DISP USING 2364 ; ® DISP US 35
ING 2358 | 2388 OFF KEY# 1| & OFF KEY# 2 @ O
2555 Ei=2 @ GOTO 2715 FF KEY# X @ OFF KEY# 4 ® RE
2668 REM Num ch in LCR main STORE 2325 & E1=3 @ GOTO 29
2665 | ASCII aqueue:34 3]
2670 CONTROL Z%.@ ; 1.34 2935 OFF KEY# 4 & OFF KEY# 1 @ n
2675 IF Z$C4.438&Z$C19.190="NN" T FF KEY# 2 B OFF KE¥Y# 3 @ RE
HEHM 2635 STGRE 2938 @ El=4 ® GOTO 29
2690 OFF KEY# 3 ® DISP USING 236 ) 35

S ; & Eil=2 w GOTO 2715 REM REMOTE CODBES

a
*635. IF Z(IS,I2>>03 THEN 2785
a9

26 OATH 13, 16,19
2699 UFF ERRDR @ OFF INTR 7 ® OF DATA 14,117,328
F TIMEOUT 7 @ OFF KEY# 5 @ OATAH 15.15,21
OFF TIMER# 2 @ OFF TIMER# 3 2228 DATH 14.15.186
2695 DISP "MASSIYE CORROSION® 2333 READ FLl3.Fn22,FO3)
27H6 El=2 ® GOTO 2715 2946 0N E1 GOTO 2245,2955,2985,2
2785 ON KEY# 2,"STOP" GOTO 2215 973 N
2 GOTD 2715 2945 RESTORE 29%8
2719 OFF ERROR @ OFF TIMEOQUT 7 @ 22336 GOTU 2388
UFF KEY# & © Ei=3 2355 RESTOURE 2995
2715 RETURN 2260 GOTO 2338
2729 END ! READ_&-CHECK 2965 RESTORE 3088

28v@ GATO 2984
29735 RESTORE 3265
2286 READ FOBI12.FB(23,FE{(3)




REM FRE®QS5.,KH=z

ORTHR .2.2.,26

ORTR .4.,4.48

ODATAR 1.16.166

ODATR .4.,1.,2

OH E1l -GOTO 3015.3825,32835.,3
845

RESTURE 38335

GOTO 3a38

RESTORE 3853

GOTO 2854

RESTORE 3183

GOTO 2658

RESTORE 311#

READ CO{13.CBC23,C0HA03)
READ Ga(1l,,G8(2>,G8(3)
REM LM CORRECTIOMS,
REM PHEHRLLEL:BY PRIRS OF
REM DRTH STHMTS

REM TOP OF PRIR:C.,nF;
REM EBOTTOM QF PRIR:G.nE

ODRATAR .5137, 37946, .834914
ODRTH 33.7.281%2.7,3735.6
ODATR .5128, .21541, .B23577
OATR 155,6832, 399z

ODRATR .47553, .858333. .822641
DATA £35,59168.9, 18562

DATR .5128, .47558, .279446

ORTH 10";8:‘:‘:281?
IF R3=1 THEHN 3148
! CHLL CHOOSE ORDER

5 GOSUB 315

PRINT USING 3145 ; FO<{1»,F0D
C2r.FBl3l

IMAGE “MENU FRERDUEMNCIES,KH=z
Yo 330 0O, HES

CLEAR

FOR F2=1 T0 2
CBCF2=CACFIY+(1L
CA{FSs=GE(F5Y+G1

MEXT F9

RETURH

EMD { GET_FREBRUENCY

| SUBROUTIHME CHOOSE_ORDER
CLERR # DIZP "EHTER ORDER®
EHAELE KEBD 1
DISP lld’ll :
IHPUT U5f1 P
FOR 5=1 TO 3
IF 08¢Sor»=1 AMD 0S<(5S2<=32 TH
EH JL.dU .
GOTO 2246

MEXT =

GOTO 3245

ODISP "AIMPROPER EHTRY A" & G

U5(25, 05037

- 070 Fz2es

EMABLE KED 32
FOR 5=1 TO =

5 Z241,80=F@(05(53>

HEXT S

FOR 5= 1 TO 3
FaiS,=2¢1,8%
HEXT 3

FOrR S=1 To 3
2C1,30=CBC05C(S s

HEXT 3
FOR 5=1 TO 3
Ca(5>=2(1,8%
NEXKT 5

FOR 3=1 TD 3
GB(S»=2{1.,5%
HEKXT 5

FOR S=1 TO 3
03(3)=F{05(53>

Xhal e Ne R SR A |

-
-t
it
33
*27
A

=
23

=
23
it
L= R

3445
3450
3455
3460
3465
2470

3475

HEXT &

FOR &=1 TO 3
FCS2=05(8)

HEXT 5

RETURH

END 1 CHOOSE ORDER

i UEFUHTItE CHECE_DC
El=

JH TIHEDUT ¥OGOTO Z41@ ® FE
T TIMEOUT ¥iH4

CLERE v2Z

3 OFF TIMEQUT ¥ @ CGOTO 2428

OFF TIMEOQUT ¥ @ Ei=1 @ DISF
“OMK FRILS SELF-TEST®

GOTO 2438

oM TIMEOUT 7 50TO 2435 #® SE
T TIMEQUT ViH1

QUTPUT 717 ;"I

OFF TIMEOUT 7 @ GOTQ 2445
OFF TIMEOUT ¥ @ El=1 2 DISP
USING 23285 ; @ DISP USIHNG
2318 ; ® DISP USING 2313

GOaTa 3424

OFF KEY# 1 @ S=5POLL{7IV)
O TIMEOQUT 7 GOTO 3465 & SE
T TIMEOUT 7;H1

GUTPUT ¥17vV i "EIBGEAEZ8YW"

OFF TIMEOQOUT ¢ & Z0TO Z4398
OFF TIMEOUT ¥

CLERR ® BEEP 5, 1988 & OM KE

YH# 1 GOTO 3445

IMAGE "PUT THE OC BIAS SWIT

CH",»,"IH 'int' POSITION.PL
EASE™,~, "HHEN DOME,PUSH KEY

#1"

DISP USIHG 3475

35 GOTO 3485

RETURN

EHD ! IHECK_DE

! SUBROJUTIHE GET_HAC
Ei=8

I3

i

=1

CAHLL MULT-IT

GOSUE 56z

IF E1 THEN Z£B3

OM KEY# 7."RERDY" GOTO 2556
CLEAR & KEY LABEL ® DISP "A
C LEYEL ROJUST"

-IF E1 THEN 3888 ELSE 3545

OFF KEY# 7

ON TIMEOUT 7 GOTO 2578 2 SE
T TIMEOUT ¥¢iH1

QUTPUT 717 s Ly”

5 OFF TIWMEOUT ¢ 2 GOTO 358@

OFF TIHMEOUT 7
GOTO 2638
CONTROL Z%.8 21,286 ON TI
MEOUT ¥ GOTUO 3593 @ SET TIM
EQJUT 7 H2

TRAHSFER 717 TO Z2%. FHS

OFF TIMEGUT v 8 GOTO 3685
OFF TIHEGUT 7

ODIsSP USIMG 2383 ; @ GOTO 36

oy

o

E1 ZFL21.2103=" " ® S=F5L22,
Z22J="H" @ IF E1 AMO S THEHN
36835

CLEAR @ IF £ THEN Z&20 .
DISP USING 2368 ; ® GOTO 36
23 :

DISP USING 38933 ;

DISP "4AC LEVEL ROUTINE4®
GOTO 3665 )

ENTER Z#% USING 3995 ; VB

IF Yar=._@@4 AND V&@<=.886& TH
EN 3655

DISP “READJUST" 2 WRIT 1B@D




3EEO ELl=8 @ GOTO 3535
2655 Y=VY8 R YB=yY0k16888 @ DISP US
ING 3868 ; V8 @ WAIT 48808 @
CLEFRR 2 E1=9
26568 IMRAGE “"RAC OK DON'T TOUCH".~-
SURC VLT:",3D.D," mY R.M.S.
11
OFF KEY# 7 @ OFF KEY# 1 R D
FF KEY# 2 ® OFF KEY# 3 ® RE
TURN
END
I

fuf
oy
T
a

ES RS E O

THE GET_STATS
3 @ OH KEY# § GOTO

e

1]
P
Iy
fux}

UO1. 25,898,048,

(e s H ar VN &)

=
—t

= 1
ifcrks 2, 30EHG SOTO 3715
8 GOTO 3718
S5 OFF TIMER# = ® ON TIMEE# 1.
5]

Cod Gl 3 Ll 6]

HZ GOTO 3736

I726 SEND ¥ ; MTA UNL LISTEN 17
3I7E5 STATUS 7.2 . S@ IF BITCS.d)
THEM 3725 ELSE zr4a
3738 OFF KEY# 8 © OFF TIMER# 1
3735 DISP LSIHG 2348 : @ E1=3 @

GOTO 4944

OFF TIMER# 1 @

@ Wi=3POLLCY232

+1 i &7

oM IMTR ¥ GOTO 37688 & EMABL
7 7

[
=
L
=

5]
=
J
(&)}

E INTR V&
TRIGGER 7
GaTD 2VES
OFF IHTh ¥ & STHRTUS

I. ') T 1

=] =

gy hen
- 03
=)
-
D)
G}
<
e
m
o
=
=
m

$] T 6

loga
=it AND Y1=U¥ THEN 3738
Ei=2 ® E@=1 @ OFF KEY# & ®
GOTO 48408
COMTROL Z%.8 ; 1.8® ON TIME
QUT ¥ GOTO 3793 @ SET TIMEG
Ut v;H2
TRAMSFER 717 TO 2% FHS
OFF 7IMEQUT ¥ & GOTO Z2&a
OFF TIMEDUT 7 ® OFF KEY# 2
B GOTOD 3Z&7A
El=Z#C1.13=" " B 3=Z%C4,4T%
Z$LC13, 1523="HN" ® IF E1 AND
% THEN 38&82@
CLEAR @ IF & THEN 3815
DISP USING 38%5 ; ® GOTO 39
HE

SIS RS

=] = "

e
-

= =

V3]
-~
ax]
wy]

o
WA 00
[d KxNd

[BEDEN]

(2]

o]
o2}
1]
o}

(AL}
[N e
N

g Qa

OISR USIMNG 23&
IMG 2365 : @ G
ENTER Z% USING
I T P
SC1,20=201,30+3C1, 1 @ 0O
Z¥=00L,20+001,1 @ Z2A=Z28+
10122 @ 06=0A+0(1.1)~2

ON TIMEQUT ¥ GOTO 36845 & SE
T TIMEDUT ¥:H1

QUTRUT ¥17 :"LA"

OFF TIMEQUT ¥ @ GZ0TO 3350
OFF TIMEQUT ¥ @ OFF KEY# &
@ OFF TIMER# 2 ® GQTQ 3278
CONTROL Z2%.8 21,288 0N TI
MEOUT 7 GOTO 3885 @ SET TIWM
EQUT 7iH2

TRANZFEE ¥1F¥ TQ 2% FHS

OFF "TIMEOUT ¥ @ GOTQ 3375
GFF TIMEOUT ¥ B DOFF KEY# ©
® OFF TIMER# Z

[ZS I
W
N~
=

1]
fos]
o)
n

[}
w0
48|

G (] )
Do w

o o fu i
el @

93]
0
]

LS RS RN |
o0 0o 0
Tyl
[N ]

(el
[xn}
-
&)

3]
[ox]
|
w

0w
e

£l el
W

L (]

pilo
U=

KT}

- O
[l &) B

=
bl
=
=
&
o

=

¥}
ot
o

~4 7y 01 0 ] Ja -
1]

LOLD LI L0
DU RSN

ol K] Cod G

=4

4118

4115
1206

ISP USING 2385 ; ® DISP Us
ING 2345 ; ® DISP "STD. DEV
JPEY @ GOTO 39a8

=2%L21,213=" " B S=FFL22.
Z2A="H" & IF E1l AND § THEN
3919

CLERR ® IF 5 THEN 32398

DISP USING 2368 ; & GATO 2%
515

DISP USIMG 3895

IMAGE "UNDER OR OVWVER FLOMW",
<2 "LCR,MONITOR QUEUE®

E1=3 @& GOTO 4R44

IMRGE #,3X.2D.2De

CONTROL Us,8 : 1.8

OHM TIMEDUT ¥ GOTO 3338 @ SE
T TIMEOUT 7iHEZ

TRANSFER 723 TO U$ FHS

OFF TIMEOUT 7 @ GQTO 29%5a
OFF TIMEOUT Vv @ OFF KEY# 2
DISF USING 2385 ; @ DISP US
ING 2345 ; & DISP "DMM"
E1=3

GOTO 4948

ON ERROR GOTO 397@

ENTER U$ UISING 3368 ; ¥
IMAGE #.S0.50e

OFF ERROR & GOTO 398S

OFF ERROR @ OFF KEY# 8 B DI
SP USING 3975

IMAGE "GRRBLE.,BUSADMH"

E1=3 & GOTO 4640

IF U<359999680 THEN 4866
GISP *#HDMMMm OWLD®E"

E1=3 & GOTO 4&4a
Udl,2x=UC1,23+¢

Se=5a+V~2

HEXT I8

2C1,22=2C1,20-18 & 0{1.25=0
(1.22718 B UL, 23=UCL,2)716
SU=5SHR(ZB-Z2{1,23~2%18)/3 @
QA=8SGR(0H-0(1, 25 2%165-3 @
SH=SRR(SH-~-UCL,2>~2%183/3
HAIT 4668 & CLEAR @ GOTO 4@
35

OFF KEY# 8 & El=4 2 GOTO 43
S8

ON KEY# 8.,"S5TOP" GOTO 2215
RETURN

ENMD | GET_STRTS

SUBROUTIME SET_WOLTS

1 & EG=#4

AR & Ub=k ® DISF USIHG 4

CLE
AT

1A

1T 2886

IMARGE "CHOOISE 3SCAN DIRECTIO
H", . "7T0 GET AT START WOLT"
ON KEW# 1."+" GOTO €835 &

N KEY# &."-" S0OTD 4168 ® h
Y LRAEBEL & DISP USING 48928

GOTO €4R36

OFF KEY# 1| ® OFF KEV# &2 & U

T=1 @ GOTO 41&S

OFF KEY# 2 &@ 0OFF KEY# 1

T==1

ON KEY# 1."1" GOTQ 4128 & 0

N KEYV# Z,"1@" GOTa 4125 @

H KEY# 3."98" GOTO 4138

oM KEY#$# <, "1@a" GOTOo 4148 @
CLEAR ® KEY LABEL ® DIsSP *®
CHODSE SCAH RATE.m\We~Sv

GOTO 4113

OFF KEY# 1 ® OFF KEv# 2 & O
FF KEY# 2 & OFF KEY# 4 @ UF
=.9614UF & GOTO 4145

DD £
hg ""'Jl’“s—#

-

GE "NOW THE CELL IS AT U

poiiied
=

1

=
ond

79




4139

4135
4146

43404
4305
4319
4315
4326

4325

43328
4333
4340

43745
4356
4355

4360
4365
4376
4375
4388

80

OFF RKEY# 2 ® OFF KEY# 1 & 0

FF KEY# Z ® OFF KEY# 4 & U7

=.81%¥U7 & GUTO 4145
DFF KEY#. 3 ® OFF KEY# 1 @ 0

FF KEW# 2 @ OFF KEY# 4 & U7 .

= @a5%U¥ & GOTD 4145
IMAGE "CHOOSE SCAM DIRECTIOD

M",7,"TO GET AT START WOLT" .

OFF wEY# 4 € DFF KEY# 1 @ O
FF KEY# 2 ® DFF KEY# 3 @ U7

=.1%U7

DH KEY# 1."HALT" GOTO 4225

@ CLEAR @ KEY LABEL & DISF
USING 4138 ;

IMAGE "HOW WATCH THE DHiM"
OFF TIMER# 2 ) RAMP LDOP

COWTROL V¥,6 ; 1,8

Us=Ua+U7 @ QUTPUT Y% USIHNG
1563 ; U4

O TIMEOUT 7 GOTO 4125 8 SE

T TIMEOUT 7iHZ

TRAHUSFER Y% TO 717V FHS

OFF TIMEQUT 7 ® GOTD 4285

OFF TIMEDUT 7 B El=2

CLEAR & DISP USING 2365 ; @
DISP USIMG 2325 ;
DISP USIHG 2339
IMNG 2335

GOTD 4425

DN TIMER# 2,1d88 GOTO 4135

GOTO 4218

! EMD RAMP LODP

CGHTROL V4$,a 1,08

OFF KEY# 1 & OFF TIMER# 2
OH Ke%# 1. "RERUM" GOTO 483%
® O KEYH# 2,"0K" GOTO 4258
CLEAR 12 KEY LABEL ® DISP US
IMG, 42453

IMAGE "CHOOSE DPTIDM"

GOTO 4245

OFF KEY# z.® OFF KEY# 1

oM TIMEDUT ¥ GDTD 4279 @ S5E
T TIMEQUT ¥;HI

OUTPUT 723 ;"T4KMHBL"

OFF TIMEDUT ¥ & GOTD 4285

® DISP US

DFF TIMEOUT 7
DISP USIHG 2365 ; ® DISP UZ
IMG 2315 ; @ DISP USING 231

Ei=2 & GDTD 4485

SEHD 7 & MTH UHL LISTEN Z3
ON TIMER# 1.,H1 GOTD 4385

STRATUS 7.& 5 S@ IF BIT<(S,82
THEN 4255

OFF TIMER#% 1 @ GOTOD 4328

OFF TIMER# 1

DISP USIHNG 2348 ;

El=1 B GOTO 4485

Ui SFDLL( 23 @ STATUS 7.1

DH IHTR ¥ GOTD 4348 & EMABL
E INTR 7;&

TRIGGER ?23-

GOTD 433

Ul bPOLL(?BE) & STATUS 7.1

IF Vi=2 THEN 4355

Efi=1 @ E1=3 ® GDTOD 4435

OH TIMEDUT 7 GOTD 4375 @ SE
T TIMEQUT 7;HZ

COMTROL U$.3 ; 1.0

TRANSFER 723 TD U%x FHS

OFF TIMEOUT 7 @ GOTO 43589
OFF TIMEOUT 7 .
DISP USING 2385 ; @ DISP US
éNG 2345 & & DISP USING 23z

4385
43906
4335
4400
44085

4418
4415
4420

44725
4436

4435
4440
4445
4450

4455
4450
4455
4470

4475
4430

4435
4450
450G
4585
4516

4515
4520

4525
4536

4546

El=2 2 ZD0TD 44853

O ERROR GDTD 4465

EMTER Uf USIMG 5188 ; V

OUFF ERROR ® GOTOD 4415

OFF ERROR ® Ei1=2 & DISP USI
H: 2260 ; ® DISP “DMpY

GDTD 4435

IF Y<93999968000 THEN 4425
DISP "DHMM OVLD" € El=2 @ GO
TO 4435 .
Ui=Us

CLERR & DISP "OTHER <(SCE)> ¥
OLT LIMIT™;

IMPUT U?

Ur=uv-u

Uz=Ui+Uv

DH TIMEDUT 7V GOTO 4465 @ SE
T TIMEDUT 7:H1

QUTPUT 722 i “"KHpg"

OFF TIMEDUT 7 @ GOTOD 44235
OFF TIMEOQUT ¥

DISP USIHG 22685 ; @ DISP Us
ING 23218 3 B OISP USIHG 23z
T

Ei=Z .

COMTROL U%x.,9 ; 1,88 COMTROL
Wg.d ;5 1.8

RETURH

EMD ! SET_WOLTE

I SUBREDOUTIHE SET_SAMPLES
UF=2%W

Up=Uz-Ji & DBE=SGH{Uas 2 H3=
AEBS CLA - U7

IF Hz<=MHB THEH 452

He=Ha & Uuv= 16@H$HwaUu;/fHﬁ
-1y @ UF=IPCU?>-1D928
Uz=UL1+U7k0D0E{HE~-1)

D=D4DY 2 S9=RBFXUVEKIGBHENE/
M&—-17

PEIHT USIHG 4548 ; M2

IMAGE "HUW FTZ-/STROKE:", 20,
S, "ADJUSTED VRLUES., (BIAS, VL
T:‘ "

1IF RZ>29 THEM 45535

FRINT USIHMG 4555 ; Ul,Uz,59
SEBEay :

IMAGE "EWMD PTS.DC BIAS:-",5D
LADL ML, EDLUS0, /L, YSAMPLING P
ERIDD:"*.Z20.D0," min"

GOTD 4575

5 PRIHNT USING 45v8 ; U1,U2,35%8

<1898

IMAGE "EHD PTS,DC BIRS:".30
LEDL YL, 5D .30, 2 "SAMPLING F
ERIOD:",30.0.," SEC"

S PRINT USIHG 4526 ; Ve

IﬂHEE""HC YLT=".20.0," mW R
FRETUREM

EMD | SET_SAMPLES

! ZUBROUTIHE ECHO )
El=9

O TIMEOUT ¥ GOTO 4625 & S5E
T TIMEDUT ¥:HI1

QUTFUT 717 "K"

OFF TIMEOQUT 7 ® W TIMEOUT
T GOTO 4648 © SET TIMEDUT 7
iHL ® GOTO 4628

OFF TIMEOUT 7 ® GOTO 4845
EHTER 717 ; £7#%

OFF TIMEDUT 7 ® GOTD 4655
DFF TIMEDUT ¥ @ CLERAR @ BEE
P 55,1588

DISP USING 2385 ; ® DISP "%

K¥ECHO TESTHXE"

El=1 @ GDTD 4575




IF SF¥=S8s%"F"&F$&S9¢ THEMN
1678

El=}1 @ DISP USING 4&65 ;
IMAGE "ERROR IM SETTIMGS"
RETURN

END | ECHO
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= =f T Ty

0y Ty
oA RN

| SUBROUTIME EXPLAIN_SRG
CLERE @ BEEP 5.1988 @ DISP ;
"ILLEGAL SERWICE REQUEST" S OFF ERROR B GLERR ©® DISP US
IF EA THEN 4785 PHG GELG . FRLFOCFEY
S$=SPOLL(F17Y @ STATUS 7.1 ; SA18 IMAGE "END TAPE FOR MEHL IT
Et EM#" Do  "FRER: .20 [." KHz
IF 5=8 0OR S=Q THEN 4740 '

4716 DISP & DISP "LCR METER®
4715 FDR 18=3 TO 1 STEP -1

72@ IF BITI(S,I32 THEN 4730
4725 NEXT 13
4738 DISP USING 4735 ; I8
47375 IMAGE "MOST SEVERE BIT ASSE
RTED IS# ",D

4748 IF E® THEMN 4756
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UHIT

v
.

ST 5!".7..‘:.

2 El=) & O15P LSI

TMAGE
FETURN
END | GET_TRAFE

*TAFE I-0 ERFORZS®"

fe U1=SPOll cvagy B STATUS 7
4745 flE?PULL\?23; @ STATUS 7,1 SASA ! SUERIUTINE FR1IT.0ATH
4756 IF V1=8 OR V1=@ OR W1=v7 TH TRIT IHAGE LR t#lt . thece WY
EH 4758 o wEoam iAcdeal —
4755 DISP ® DISP “DMM" TEEE INMAGE 20K, "1N.ED 300 4,0
47ED FOR I15=5 TO & STEP -1 _ e, "L 3000
4765 IF BIT(V1.18> THEN 4775 S P?E”], .
4778 NEXT I8 EE?‘;v=1 TO z
7F5 DIS 5 4735 ; IS ERIn
3?gg Eé?SRHSI” 4735 ¢ I8 IF I%=1 THEW FRINT “FORMWARD
47285 END ! EXPLAIN_SRQ =TRG "bLSE FEIHT “REMERS
4725 i SUBRJUTINE GET_FILE_HRME TROKE
4308 CLEAR ©® BEEF S. 1080 @ QISP _u;rnu
CEMTER FILE NAME £S5 CH MAX: gﬂ
4835 OH ERROR GOTOD 4228 o RN
wE1E THFUT F2¢ S tan
4315 OFF ERROR R GOTO 4334 EH
4328 OFF ERROR R FHRR _
. ;‘:_\L'_\ A 3 CYIHPN RORY A = =115 EHO ' PRINT_DRTH
s géépe ég?@qugth * WRIT 5125 | SURBROUTIHE PULL_SCE
P NM ERROR COTO 4345 31ZB 0O KEYH# S.MSTOP" GOTO 223
4235 REMIHG 135 COMTROL Uf.da ; 1.@
4348 0OFF ERROR @ GOTO 4356 T140 ON TIMEOUT ¥ GOTO 5133 2 SE
4845 OFF ERRGE ® QISP “HD CASSET T TIMEQUT =
TEY ® WARIT SEaA @ GOTO 490 5145 TRAHSFER 723 TO Us FHS
4250 0O ERRORE GO0 438 158 OFF TIMEQUT 7 & GOTO 2178
4855 CREATE F9%.3.: S155 OFF TIMEOUT 7 @ 0OFF KE” 2
4866 OFF ERROR ® A5 T OTO Ex 5160 LDISP USIHG =385 : & DISP =7
£ @ GOTD 43219 SE; @ DISF 2834;@ El=2
4265 OFF ERRDR 5165 GOTO S34@
J378 IMAGE "HAME IM CATALOGUE®, 5176 ON ERROR GOTO Sisn
L "CHOOSE AHOTHER® 51TS EMTER U$ USING 5188 ;
4375 IHHGF CHOT EMHQLGH ROOM TO 5128 IMAGE 30.35De
RERTE", ~. "7 HEM FILE",~."Ls 5125 OFF ERROR B GOTO 5265
E ANOTHER THFE", .. "FRUSE® 5198 OFF ERROR B OFF KEY# 8
4803 [F ERRH=53 THEN 4950 5195 DISP USING 2368 ;3 & El1=2
4825 DISP USING 9875 ; ® EBEEP =8 5288 GOTO S248
S AA0E 5285 IF V<9933593808 THEHM 5225
4298 FAUSE Szi8 DISE "RDMM OVLDE"
4295 GOTG 4258 5215 Ei=
4203 BEEP ® DISF USIHG 4278 : B Sz26 GOTO S248
KAIT 2000 5225 UCIS, Igr=y
S35 GOTO 42488 3238 GOTO 5248
4910 FRINT "FILE HAME:-“:Fas - 5235 OFF KEY$# S @ E1=3
4915 CLERR 5248 ON KEY# S."STOP" GOTO 2215
4926 RETURN ® RETURN
4925 EHMD ! GET_FILE_WAME 5245 END | PULL_SCE
1975 T SUEFOUTIHE GET. TaRE 5255 1| SUSROUTIHE EXPLAIH_ERROR
PELROEE PEcd R 5288 IF ERROM=3 THEHM S27v9
R4S 0L ERROF GOTO SG2% 9268 DISF UZING 117@
HISE REHTND 5278 IF ERRSC=8 THEM 5235
H255 PRIHTH 7 F S275 DISF USING S22
. U:Eﬂjev~ 5285 IMAGE "INTERFACE ERROR";
PHRE FRR ne 5285 S=ERRM & Y1=ERRL
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DISP WUSING 5235 ; 5,41
IMAGE "EFRROR CODE IS:",3D,
, "AT LIME#",4D

EETUEH
EMD | EXPLAIN_ERFOR
f SUSBROUTIHE HWAIT_A_
IF kWa THEH 53248

FOR Ei=1 TO WS

HWRIT HS

HEXT E1l

WRIT D7

RETURH

END | HAIT_H_WHILE -

i SUBROLUTIHE GET_RELAHED
El=8

CLERR ® DISF "CONDITIOHIMG®
DISF "CUMULARTIVE MUMEER OF
PHSSES"

IHPUT P&

DIsP . "HUMBER OF PR3SES FOR
THIS RUH™;

IMFUT P3

iIF P2>=1 THEH 5416

PRINMT "HO CONDITIOMIMG®
GOTO 5513

PRINT USIHG S415 ; P39

IMAGE "HUM. CONDITIGHNING PH
S5ES:", 20

ON TIMEOUT 7 C0TO 5438 ® SE
T TIMEOUT 7:H1

JUTPUT 723 ;"KHMBBTL®

OFF II“EUUT 7 & GOTO 5445
OFF INTR 7 % OFF TIMEQUT 7
@ OFF KEY# & ® OFF TIMER# =
ISP USING Z23@5 ; @ DISP IS
ING 2338 DISP USING 233
S ; @ El=1 GOTO 5615

ODISP USIHG S456 ;

IMAGE "PRELIMIMARY ELECTROD
E CHECK:",/"SEE IF &Usce o
sYbias"

FOR F%=1 T P&

FOR I9=1 TO 2

FOR I&=1 TO Hg

OM TIMER# 2,59 GOTO 5535

{ RAMP LOOP

L% E AL LG EA%ELAL
OFF TIMER# 2

OM TIMEOUT ¢V GOTO
T TIMEOGUT 7;H2

WHILE

U RO Y]

&&&&&&&&

563 ; UB @ TRANSFER V% TO 7
17 FHS

OFF TIMEQUT 7 ® GOTO 5515
OFF INTR ¢ @ OFF TIMEOQUT 7
® OFF KEY# 8 ® OFF TIMER# 3
DISP USING 2383 ; @ DISP US
ING 2330 ; @ DISP USIHG 233
T 5 B El=1 @ GOTO 5615

OH TIMER# 2.R3% GOTO 5485
GOTO S5520

! EMD RAMP LOOP

| 848 ELLELR LA L4 LLL LA
OFF T%MER# 3 B OFF TIMER# 2
{EXT I3

CLERR @ DISP "EMD STROKE:CO
HODITIONIHMG" @ BEEP 5,3000
O=-0 2 [0B=-08

WRIT &3

HEXT I2

NEXT F2

ON KEY# 1,"SHUT UP" COTOD 55
S8 @ CLEAR @ KEY LABEL @ DI
SP "END OF CONDITIONIHGY
BEEF 5.i@B8 @ WAIT 16866 & G
0TO S573

3985 & SE
UB=0@g+0 & OUTPLT V% USING 1°
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OFF KEY# 1 # DISP USIHG 5532
5 G ’
IMAGE 27, "'FRUSE' ", "PUSH L[
COMTY 70 RESUME™ i
PAUSE .
oM TIMEOUT 7 GOTO q613 2 SE
T TIHEOUT 7iH1 i
OUTPUT 723 ;“"KMOGT4"

OFF TIMEOQUT 7 GGTH 5615
OFF TIMEOUT 7 @ DISP “BUS H
AWGUP" B El=1

RETUEHN

EMD | GET_RELAXED

I SUSREOUTIHE MULT.IT

IMAGE "M",D

OH TIWMCOUT 7 GOTO S655 © SE
T TIMEOUT 7;HI1

OUTFUT 717 USIHG S835 & 18
OFF TIMEOUT 7 @ GOTO 5668
OFF TIMEOUT 7 @ El=1 & GOTO

5665
OH KEY# 1.,".@1" GOSUB 5528
® OH KEvH# 2,".1" GOSUER 57zZ&
® OW KEY# 3,"1" G0OSUB 57613
RETURH
EMD | MULT_IT

! SUBROUTIME .&1 .
OFF WKE7# 1 @ OFF KEY# 2 2 O
FF KEY¥# 2

I3=1

I CALL MULT_IT

GOSUE 56326

RETURHN

EMD ! .51

VSUEBROUTIHE 1

OFF KEY# 1 @ OFF KEY# 2
FF KEY# 3

I3=2

VCALL MULT_oIT

GOSUE 5638

RETURN

EMD 1 .1

]
o
[}

! SUBROUTIHE |

OFF KEY# 1| & OFF KEY# 2
FF EEY# 32

15=3

booALL MULT-IT

GOSUE 3638

RETURMN

EHMD t 1

I SUBRDUTIHE GET_RATE

oM KEY# 1.,"FAST" GOTO 5215

@ ON KEY# Z."SLOM" GOTO S22z
3 @ CLERR # KEY LABEL & DIS
P “CHOOSE RRTE"® -

GOTOD S2i19

OFF KEY# 1 @ OFF KEY# 2
aToO S535

OFF KEY# 1 & OFF KEY# 2
R3=RZ 2 ® Rg=REkZ2
PRINT USIHG 5835 ; RZ
IMAGE ~.,"SCHAN RRBTE:"
Womin™, ~

RETURHN .

EHND ! GET.RATE
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OPINION POLL

The opinion of concerned readers may influence the direction
of future CANMET research.

We invite your assessment of this report - No.

Is it useful? Yes No

Is it pertinent to an industry problem? Yes No

Is the subject of high priority? Yes No
Comments

Please mail to: CANMET Editor, EMR, 555 Booth Street,
Ottawa, Ontario, K1A 0Gl

A complimentary copy of the CANMET REVIEW describing CANMET

research activity will be sent on request.







